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Description

VIDEO CODING WITH LARGE MACROBLOCKS

[0001] This application claims the benefit of U.S. Provisional Application Nos. 61/102,787 filed on October 3, 2008,
61/144,357 filed on January 13, 2009, and 61/166,631 filed on April 3, 2009.
[0002] This application is related to U.S. Patent Applications, all filed on the same date as the present application, all
possessing the same title, "VIDEO CODING WITH LARGE MACROBLOCKS," temporarily referenced by Attorney Docket
Numbers 090033U1, 090033U3, 090033U4, which are all assigned to the assigner hereof.

TECHNICAL FIELD

[0003] This disclosure relates to digital video coding and, more particularly, block-based video coding.

BACKGROUND

[0004] Digital video capabilities can be incorporated into a wide range of devices, including digital televisions, digital
direct broadcast systems, wireless broadcast systems, personal digital assistants (PDAs), laptop or desktop computers,
digital cameras, digital recording devices, video gaming devices, video game consoles, cellular or satellite radio tele-
phones, and the like. Digital video devices implement video compression techniques, such as those described in the
standards defined by MPEG-2, MPEG-4, ITU-T H.263 or ITU-T H.264/MPEG-4, Part 10, Advanced Video Coding (AVC),
and extensions of such standards, to transmit and receive digital video information more efficiently.
[0005] Video compression techniques perform spatial prediction and/or temporal prediction to reduce or remove re-
dundancy inherent in video sequences. For block-based video coding, a video frame or slice may be partitioned into
macroblocks. Each macroblock can be further partitioned. Macroblocks in an intra-coded (I) frame or slice are encoded
using spatial prediction with respect to neighboring macroblocks. Macroblocks in an inter-coded (P or B) frame or slice
may use spatial prediction with respect to neighboring macroblocks in the same frame or slice or temporal prediction
with respect to other reference frames.
[0006] The article "Video Coding using the H.264/MPEG4 AVC compression standard" by A. Puri, X. Chen, A Luthra
(Signal Processing Image Communication, Vol, 19, No. 9, Pages 793 - 849, October 2004) discloses a coding technique
with video blocks of 16 x 16 size, in which each block is processed with either Intra-MB encoding or Inter-MB encoding.
[0007] NAITO S ET AL: "Efficient coding scheme for super high definition video based on extending H.264 high profile",
PROCEEDINGS OF THE SPIE - THE INTERNATIONAL SOCIETY FOR OPTICAL ENGINEERING, SPIE, US, vol.
6077, no. 67727, 18 January 2006 (2006-01-18), pages 1-8, XP002538136, ISSN: 0277-786X, discloses extending the
H.264 high profile for super high definition video coding by using larger macroblocks. A maximum macroblock size is
adaptively selected on a picture by picture basis and signalled in the slice header.
[0008] US 2006/153297 A1 (BOYCE JILL M [US] BOYCE JILL MACDONALD [US]) 13 July 2006 (2006-07-13) is
based on H.264/AVC and discloses using both inter and non-predictive intra partitions within a macroblock.
[0009] EP 1 429 564 A1 (NTT DOCOMO INC [JP]) 16 June 2004 (2004-06-16) discloses hybrid prediction for H.263
in which both inter and intra coding modes are allowed for different 8x8 sub-blocks within one 16x16 macroblock.

SUMMARY

[0010] The invention is defined by the subject-matter of the independent claims. Preferred embodiments are claimed
in the dependent claims.
[0011] Enabling disclosure for the invention is found in paragraphs [0109]-[0112], [0114]-[0119], [0172]-[0177] and
and figures 4A, 4B and 12. Any examples and embodiments of the description not falling within the scope of the claims
do not form part of the invention and are provided for illustrative purposes only.
[0012] In general, this disclosure describes techniques for encoding digital video data using large macroblocks. Large
macroblocks are larger than macroblocks generally prescribed by existing video encoding standards. Most video encoding
standards prescribe the use of a macroblock in the form of a 16x16 array of pixels. In accordance with this disclosure,
an encoder and decoder may utilize large macroblocks that arc greater than 16x16 pixels in size. As examples, a large
macroblock may have a 32x32, 64x64, or larger array of pixels.
[0013] Video coding relies on spatial and/or temporal redundancy to support compression of video data. Video frames
generated with higher spatial resolution and/or higher frame rate may support more redundancy. The use of large
macroblocks, as described in this disclosure, may permit a video coding technique to utilize larger degrees of redundancy
produced as spatial resolution and/or frame rate increase. In accordance with this disclosure, video coding techniques
may utilize a variety of features to support coding of large macroblocks.
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[0014] As described in this disclosure, a large macroblock coding technique may partition a large macroblock into
partitions, and use different partition sizes and different coding modes, e.g., different spatial (I) or temporal (P or B)
modes, for selected partitions. As another example, a coding technique may utilize hierarchical coded block pattern
(CBP) values to efficiently identify coded macroblocks and partitions having non-zero coefficients within a large mac-
roblock. As a further example, a coding technique may compare rate-distortion metrics produced by coding using large
and small macroblocks to select a macroblock size producing more favorable results.
[0015] In one example, the disclosure provides a method comprising encoding, with a video encoder, a video block
having a size of more than 16x16 pixels, generating block-type syntax information that indicates the size of the block,
and generating a coded block pattern value for the encoded block, wherein the coded block pattern value indicates
whether the encoded block includes at least one non-zero coefficient.
[0016] In another example, the disclosure provides an apparatus comprising a video encoder configured to encode a
video block having a size of more than 16x16 pixels, generate block-type syntax information that indicates the size of
the block, and generate a coded block pattern value for the encoded block, wherein the coded block pattern value
indicates whether the encoded block includes at least one non-zero coefficient.
[0017] In another example, the disclosure provides a computer-readable medium encoded with instructions to cause
a video encoding apparatus to encode, with a video encoder, a video block having a size of more than 16x16 pixels,
generate block-type syntax information that indicates the size of the block, and generate a coded block pattern value
for the encoded block, wherein the coded block pattern value indicates whether the encoded block includes at least one
non-zero coefficient.
[0018] In an additional example, the disclosure provides a method comprising receiving, with a video decoder, an
encoded video block having a size of more than 16x16 pixels, receiving block-type syntax information that indicates the
size of the encoded block, receiving a coded block pattern value for the encoded block, wherein the coded block pattern
value indicates whether the encoded block includes at least one non-zero coefficient, and
decoding the encoded block based on the block-type syntax information and the coded block pattern value for the
encoded block.
[0019] In a further example, the disclosure provides an apparatus comprising a video decoder configured to receive
an encoded video block having a size of more than 16x16 pixels, receive block-type syntax information that indicates
the size of the encoded block, receive a coded block pattern value for the encoded block, wherein the coded block
pattern value indicates whether the encoded block includes at least one non-zero coefficient, and decode the encoded
block based on the block-type syntax information and the coded block pattern value for the encoded block.
[0020] In another example, the disclosure provides a computer-readable medium comprising instructions to cause a
video decoder to receive an encoded video block having a size of more than 16x16 pixels, receive block-type syntax
information that indicates the size of the encoded block, receive a coded block pattern value for the encoded block,
wherein the coded block pattern value indicates whether the encoded block includes at least one non-zero coefficient,
and decode the encoded block based on the block-type syntax information and the coded block pattern value for the
encoded block.
[0021] In another example, the disclosure provides a method comprising receiving, with a video encoder, a video block
having a size of more than 16x16 pixels, partitioning the block into partitions, encoding one of the partitions using a first
encoding mode, encoding another of the partitions using a second encoding mode different from the first encoding mode,
and generating block-type syntax information that indicates the size of the block and identifies the partitions and the
encoding modes used to encode the partitions.
[0022] In an additional example, the disclosure provides an apparatus comprising a video encoder configured to
receive a video block having a size of more than 16x16 pixels, partition the block into partitions, encode one of the
partitions using a first encoding mode, encode another of the partitions using a second encoding mode different from
the first encoding mode, generate block-type syntax information that indicates the size of the block and identifies the
partitions and the encoding modes used to encode the partitions.
[0023] In another example, the disclosure provides a computer-readable medium encoded with instructions to cause
a video encoder to receive a video block having a size of more than 16x16 pixels, partition the block into partitions,
encode one of the partitions using a first encoding mode, encode another of the partitions using a second encoding
mode different from the first encoding mode, and generate block-type syntax information that indicates the size of the
block and identifies the partitions and the encoding modes used to encode the partitions.
[0024] In a further example, the disclosure provides a method comprising receiving, with a video decoder, a video
block having a size of more than 16x16 pixels, wherein the block is partitioned into partitions, one of the partitions is
encoded with a first encoding mode and another of the partitions is encoded with a second encoding mode different
from the first encoding mode, receiving block-type syntax information that indicates the size of the block and identifies
the partitions and the encoding modes used to encode the partitions, and decoding the video block based on the block-
type syntax information.
[0025] In another example, the disclosure provides an apparatus comprising a video decoder configured to receive a
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video block having a size of more than 16x16 pixels, wherein the block is partitioned into partitions, one of the partitions
is encoded with a first encoding mode and another of the partitions is encoded with a second encoding mode different
from the first encoding mode, receive block-type syntax information that indicates the size of the block and identifies the
partitions and the encoding modes used to encode the partitions, and decode the video block based on the block-type
syntax information.
[0026] In an additional example, the disclosure provides a computer-readable medium encoded with instructions to
cause a video decoder to receive, with a video decoder, a video block having a size of more than 16x16 pixels, wherein
the block is partitioned into partitions, one of the partitions is encoded with a first encoding mode and another of the
partitions is encoded with a second encoding mode different from the first encoding mode, receive block-type syntax
information that indicates the size of the block and identifies the partitions and the encoding modes used to encode the
partitions, and decode the video block based on the block-type syntax information.
[0027] In another example, the disclosure provides a method comprising receiving, with a digital video encoder, a
video coding unit, determining a first rate-distortion metric for encoding the video coding unit using first video blocks with
sizes of 16x16 pixels, determining a second rate-distortion metric for encoding the video coding unit using second video
blocks with sizes of more than 16x16 pixels, encoding the video coding unit using the first video blocks when the first
rate-distortion metric is less than second rate-distortion metric, and encoding the video coding unit using the second
video blocks when the second rate-distortion metric is less than the first rate-distortion metric.
[0028] In an additional example, the disclosure provides an apparatus comprising a video encoder configured to
receive a video coding unit, determine a first rate-distortion metric for encoding the video coding unit using first video
blocks with sizes of 16x16 pixels, determine a second rate-distortion metric for encoding the video coding unit using
second video blocks with sizes of more than 16x16 pixels, encode the video coding unit using the first video blocks when
the first rate-distortion metric is less than second rate-distortion metric, encode the video coding unit using the second
video blocks when the second rate-distortion metric is less than the first rate-distortion metric.
[0029] In another example, the disclosure provides a computer-readable medium encoded with instructions to cause
a video encoder to receive a video coding unit, determine a first rate-distortion metric for encoding the video coding unit
using first video blocks with sizes of 16x16 pixels, determine a second rate-distortion metric for encoding the video
coding unit using second video blocks with sizes of more than 16x16 pixels, encode the video coding unit using the first
video blocks when the first rate-distortion metric is less than second rate-distortion metric, and encode the video coding
unit using the second video blocks when the second rate-distortion metric is less than the first rate-distortion metric.
[0030] In another example, the disclosure provides a method comprising encoding, with a video encoder, a coded unit
comprising a plurality of video blocks, wherein at least one of the plurality of video blocks comprises a size of more than
16x16 pixels, and generating syntax information for the coded unit that includes a maximum size value, wherein the
maximum size value indicates a size of a largest one of the plurality of video blocks in the coded unit.
[0031] In another example, the disclosure provides an apparatus comprising a video encoder configured to encode a
coded unit comprising a plurality of video blocks, wherein at least one of the plurality of video blocks comprises a size
of more than 16x16 pixels and to generate syntax information for the coded unit that includes a maximum size value,
wherein the maximum size value indicates a size of a largest one of the plurality of video blocks in the coded unit.
[0032] In another example, the disclosure provides an apparatus comprising apparatus comprising means for encoding
a coded unit comprising a plurality of video blocks, wherein at least one of the plurality of video blocks comprises a size
of more than 16x16 pixels, and means for generating syntax information for the coded unit that includes a maximum
size value, wherein the maximum size value indicates a size of a largest one of the plurality of video blocks in the coded unit.
[0033] In another example, the disclosure provides a computer-readable storage medium encoded with instructions
for causing a programmable processor to encode a coded unit comprising a plurality of video blocks, wherein at least
one of the plurality of video blocks comprises a size of more than 16x16 pixels, and generate syntax information for the
coded unit that includes a maximum size value, wherein the maximum size value indicates a size of a largest one of the
plurality of video blocks in the coded unit.
[0034] In another example, the disclosure provides a method comprising receiving, with a video decoder, a coded unit
comprising a plurality of video blocks, wherein at least one of the plurality of video blocks comprises a size of more than
16x16 pixels, receiving syntax information for the coded unit that includes a maximum size value, wherein the maximum
size value indicates a size of a largest one of the plurality of video blocks in the coded unit, selecting a block-type syntax
decoder according to the maximum size value, and decoding each of the plurality of video blocks in the coded unit using
the selected block-type syntax decoder.
[0035] In another example, the disclosure provides an apparatus comprising a video decoder configured to receive a
coded unit comprising a plurality of video blocks, wherein at least one of the plurality of video blocks comprises a size
of more than 16x16 pixels, receive syntax information for the coded unit that includes a maximum size value, wherein
the maximum size value indicates a size of a largest one of the plurality of video blocks in the coded unit, select a block-
type syntax decoder according to the maximum size value, and decode each of the plurality of video blocks in the coded
unit using the selected block-type syntax decoder.
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[0036] In another example, the disclosure provides means for receiving a coded unit comprising a plurality of video
blocks, wherein at least one of the plurality of video blocks comprises a size of more than 16x16 pixels, means for
receiving syntax information for the coded unit that includes a maximum size value, wherein the maximum size value
indicates a size of a largest one of the plurality of video blocks in the coded unit, means for selecting a block-type syntax
decoder according to the maximum size value, and means for decoding each of the plurality of video blocks in the coded
unit using the selected block-type syntax decoder.
[0037] In another example, the disclosure provides a computer-readable storage medium encoded with instructions
for causing a programmable processor to receive a coded unit comprising a plurality of video blocks, wherein at least
one of the plurality of video blocks comprises a size of more than 16x16 pixels, receive syntax information for the coded
unit that includes a maximum size value, wherein the maximum size value indicates a size of a largest one of the plurality
of video blocks in the coded unit, select a block-type syntax decoder according to the maximum size value, and decode
each of the plurality of video blocks in the coded unit using the selected block-type syntax decoder.
[0038] The details of one or more examples are set forth in the accompanying drawings and the description below.
Other features, objects, and advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0039]

FIG. 1 is a block diagram illustrating an example video encoding and decoding system that encodes and decodes
digital video data using large macroblocks.
FIG. 2 is a block diagram illustrating an example of a video encoder that implements techniques for coding large
macroblocks.
FIG. 3 is a block diagram illustrating an example of a video decoder that implements techniques for coding large
macroblocks.
FIG. 4A is a conceptual diagram illustrating partitioning among various levels of a large macroblock.
FIG. 4B is a conceptual diagram illustrating assignment of different coding modes to different partitions a large
macroblock.
FIG. 5 is a conceptual diagram illustrating a hierarchical view of various levels of a large macroblock.
FIG. 6 is a flowchart illustrating an example method for setting a coded block pattern (CBP) value of a 64x64 pixel
large macroblock.
FIG. 7 is a flowchart illustrating an example method for setting a CBP value of a 32x32 pixel partition of a 64x64
pixel large macroblock.
FIG. 8 is a flowchart illustrating an example method for setting a CBP value of a 16x16 pixel partition of a 32x32
pixel partition of a 64x64 pixel large macroblock.
FIG. 9 is a flowchart illustrating an example method for determining a two-bit luma16x8_CBP value.
FIG. 10 is a block diagram illustrating an example arrangement of a 64x64 pixel large macroblock.
FIG. 11 is a flowchart illustrating an example method for calculating optimal partitioning and encoding methods for
an NxN pixel large video block.
FIG. 12 is a block diagram illustrating an example 64x64 pixel macroblock with various partitions and selected
encoding methods for each partition.
FIG. 13 is a flowchart illustrating an example method for determining an optimal size of a macroblock for encoding
a frame of a video sequence.
FIG. 14 is a block diagram illustrating an example wireless communication device including a video encoder/decoder
(CODEC) that codes digital video data using large macroblocks.
FIG. 15 is a block diagram illustrating an example array representation of a hierarchical CBP representation for a
large macroblock.
FIG. 16 is a block diagram illustrating an example tree structure corresponding to the hierarchical CBP representation
of FIG. 15.
FIG. 17 is a flowchart illustrating an example method for using syntax information of a coded unit to indicate and
select block-based syntax encoders and decoders for video blocks of the coded unit.

DETAILED DESCRIPTION

[0040] The disclosure describes techniques for encoding and decoding digital video data using large macroblocks.
Large macroblocks are larger than macroblocks generally prescribed by existing video encoding standards. Most video
encoding standards prescribe the use of a macroblock in the form of a 16x16 array of pixels. In accordance with this
disclosure, an encoder and/or a decoder may utilize large macroblocks that are greater than 16x16 pixels in size. As
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examples, a large macroblock may have a 32x32, 64x64, or possibly larger array of pixels.
[0041] In general, a macroblock, as that term is used in this disclosure, may refer to a data structure for a pixel array
that comprises a defined size expressed as NxN pixels, where N is a positive integer value. The macroblock may define
four luminance blocks, each comprising an array of (N/2)x(N/2) pixels, two chrominance blocks, each comprising an
array of NxN pixels, and a header comprising macroblock-type information and coded block pattern (CBP) information,
as discussed in greater detail below.
[0042] Conventional video coding standards ordinarily prescribe that the defined macroblock size is a 16x16 array of
pixels. In accordance with various techniques described in this disclosure, macroblocks may comprise NxN arrays of
pixels where N may be greater than 16. Likewise, conventional video coding standards prescribe that an inter-encoded
macroblock is typically assigned a single motion vector. In accordance with various techniques described in this disclo-
sure, a plurality of motion vectors may be assigned for inter-encoded partitions of an NxN macroblock, as described in
greater detail below. References to "large macroblocks" or similar phrases generally refer to macroblocks with arrays
of pixels greater than 16x16.
[0043] In some cases, large macroblocks may support improvements in coding efficiency and/or reductions in data
transmission overhead while maintaining or possibly improving image quality. For example, the use of large macroblocks
may permit a video encoder and/or decoder to take advantage of increased redundancy provided by video data generated
with increased spatial resolution (e.g., 1280x720 or 1920x1080 pixels per frame) and/or increased frame rate (e.g., 30
or 60 frames per second).
[0044] As an illustration, a digital video sequence with a spatial resolution of 1280x720 pixels per frame and a frame
rate of 60 frames per second is spatially 36 times larger than and temporally 4 times faster than a digital video sequence
with a spatial resolution of 176x144 pixels per frame and a frame rate of 15 frames per second. With increased macroblock
size, a video encoder and/or decoder can better exploit increased spatial and/or temporal redundancy to support com-
pression of video data.
[0045] Also, by using larger macroblocks, a smaller number of blocks may be encoded for a given frame or slice,
reducing the amount of overhead information that needs to be transmitted. In other words, larger macroblocks may
permit a reduction in the overall number of macroblocks coded per frame or slice. If the spatial resolution of a frame is
increased by four times, for example, then four times as many 16x16 macroblocks would be required for the pixels in
the frame. In this example, with 64x64 macroblocks, the number of macroblocks needed to handle the increased spatial
resolution is reduced. With a reduced number of macroblocks per frame or slice, for example, the cumulative amount
of coding information such as syntax information, motion vector data, and the like can be reduced.
[0046] In this disclosure, the size of a macroblock generally refers to the number of pixels contained in the macroblock,
e.g., 64x64, 32x32, 16x16, or the like. Hence, a large macroblock (e.g., 64x64 or 32x32) may be large in the sense that
it contains a larger number of pixels than a 16x16 macroblock. However, the spatial area defined by the vertical and
horizontal dimensions of a large macroblock, i.e., as a fraction of the area defined by the vertical and horizontal dimensions
of a video frame, may or may not be larger than the area of a conventional 16x16 macroblock. In some examples, the
area of the large macroblock may be the same or similar to a conventional 16x16 macroblock. However, the large
macroblock has a higher spatial resolution characterized by a higher number and higher spatial density of pixels within
the macroblock.
[0047] The size of the macroblock may be configured based at least in part on the number of pixels in the frame, i.e.,
the spatial resolution in the frame. If the frame has a higher number of pixels, a large macroblock can be configured to
have a higher number of pixels. As an illustration, a video encoder may be configured to utilize a 32x32 pixel macroblock
for a 1280x720 pixel frame displayed at 30 frames per second. As another illustration, a video encoder may be configured
to utilize a 64x64 pixel macroblock for a 1280x720 pixel frame displayed at 60 frames per second.
[0048] Each macroblock encoded by an encoder may require data that describes one or more characteristics of the
macroblock. The data may indicate, for example, macroblock type data to represent the size of the macroblock, the way
in which the macroblock is partitioned, and the coding mode (spatial or temporal) applied to the macroblock and/or its
partitions. In addition, the data may include motion vector difference (mvd) data along with other syntax elements that
represents motion vector information for the macroblock and/or its partitions. Also, the data may include a coded block
pattern (CBP) value along with other syntax elements to represent residual information after prediction. The macroblock
type data may be provided in a single macroblock header for the large macroblock.
[0049] As mentioned above, by utilizing a large macroblock, the encoder may reduce the number of macroblocks per
frame or slice, and thereby reduce the amount of net overhead that needs to be transmitted for each frame or slice.
Also, by utilizing a large macroblock, the total number of macroblocks may decrease for a particular frame or slice, which
may reduce blocky artifacts in video displayed to a user.
[0050] Video coding techniques described in this disclosure may utilize one or more features to support coding of
large macroblocks. For example, a large macroblock may be partitioned into smaller partitions. Different coding modes,
e.g., different spatial (I) or temporal (P or B) coding modes, may be applied to selected partitions within a large macroblock.
Also, a hierarchical coded block pattern (CBP) values can be utilized to efficiently identify coded macroblocks and
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partitions having non-zero transform coefficients representing residual data. In addition, rate-distortion metrics may be
compared for coding using large and small macroblock sizes to select a macroblock size producing favorable results.
Furthermore, a coded unit (e.g., a frame, slice, sequence, or group of pictures) comprising macroblocks of varying sizes
may include a syntax element that indicates the size of the largest macroblock in the coded unit. As described in greater
detail below, large macroblocks comprise a different block-level syntax than standard 16x16 pixel blocks. Accordingly,
by indicating the size of the largest macroblock in the coded unit, an encoder may signal to a decoder a block-level
syntax decoder to apply to the macroblocks of the coded unit.
[0051] Use of different coding modes for different partitions in a large macroblock may be referred to as mixed mode
coding of large macroblocks. Instead of coding a large macroblock uniformly such that all partitions have the same intra-
or inter-coding mode, a large macroblock may be coded such that some partitions have different coding modes, such
as different intra-coding modes (e.g., I_16x16, I_8x8, I_4x4) or intra- and inter-coding modes.
[0052] If a large macroblock is divided into two or more partitions, for example, at least one partition may be coded
with a first mode and another partition may be coded with a second mode that is different than the first mode. In some
cases, the first mode may be a first I mode and the second mode may be a second I mode, different from the first I
mode. In other cases, the first mode may be an I mode and the second mode may be a P or B mode. Hence, in some
examples, a large macroblock may include one or more temporally (P or B) coded partitions and one or more spatially
(I) coded partitions, or one or more spatially coded partitions with different I modes.
[0053] One or more hierarchical coded block pattern (CBP) values may be used to efficiently describe whether any
partitions in a large macroblock have at least one non-zero transform coefficient and, if so, which partitions. The transform
coefficients encode residual data for the large macroblock. A large macroblock level CBP bit indicates whether any
partitions in the large macroblock includes a non-zero, quantized coefficient. If not, there is no need to consider whether
any of the partitions has a non-zero coefficient, as the entire large macroblock is known to have no non-zero coefficients.
In this case, a predictive macroblock can be used to decode the macroblock without residual data.
[0054] Alternatively, if the macroblock-level CBP value indicates that at least one partition in the large macroblock has
a non-zero coefficient, then partition-level CBP values can be analyzed to identify which of the partitions includes at
least one non-zero coefficient. The decoder then may retrieve appropriate residual data for the partitions having at least
one non-zero coefficient, and decode the partitions using the residual data and predictive block data. In some cases,
one or more partitions may have non-zero coefficients, and therefore include partition-level CBP values with the appro-
priate indication. Both the large macroblock and at least some of the partitions may be larger than 16x16 pixels.
[0055] To select macroblock sizes yielding favorable rate-distortion metrics, rate-distortion metrics may be analyzed
for both large macroblocks (e.g., 32x32 or 64x64) and small macroblocks (e.g., 16x16). For example, an encoder may
compare rate-distortion metrics between 16x16 macroblocks, 32x32 macroblocks, and 64x64 macroblocks for a coded
unit, such as a frame or a slice. The encoder may then select the macroblock size that results in the best rate-distortion
and encode the coded unit using the selected macroblock size, i.e., the macroblock size with the best rate-distortion.
[0056] The selection may be based on encoding the frame or slice in three or more passes, e.g., a first pass using
16x16 pixel macroblocks, a second pass using 32x32 pixel macroblocks, and a third pass using 64x64 pixel macroblocks,
and comparing rate-distortion metrics for each pass. In this manner, an encoder may optimize rate-distortion by varying
the macroblock size and selecting the macroblock size that results in the best or optimal rate-distortion for a given coding
unit, such as a slice or frame. The encoder may further transmit syntax information for the coded unit, e.g., as part of a
frame header or a slice header, that identifies the size of the macroblocks used in the coded unit. As discussed in greater
detail below, the syntax information for the coded unit may comprise a maximum size indicator that indicates a maximum
size of macroblocks used in the coded unit. In this manner, the encoder may inform a decoder as to what syntax to
expect for macroblocks of the coded unit. When the maximum size of macroblocks comprises 16x16 pixels, the decoder
may expect standard H.264 syntax and parse the macroblocks according to H.264-specified syntax. However, when
the maximum size of macroblocks is greater than 16x16, e.g., comprises 64x64 pixels, the decoder may expect modified
and/or additional syntax elements that relate to processing of larger macroblocks, as described by this disclosure, and
parse the macroblocks according to such modified or additional syntax.
[0057] For some video frames or slices, large macroblocks may present substantial bit rate savings and thereby
produce the best rate-distortion results, given relatively low distortion. For other video frames or slices, however, smaller
macroblocks may present less distortion, outweighing bit rate in the rate-distortion cost analysis. Hence, in different
cases, 64x64, 32x32 or 16x16 may be appropriate for different video frames or slices, e.g., depending on video content
and complexity.
[0058] FIG. 1 is a block diagram illustrating an example video encoding and decoding system 10 that may utilize
techniques for encoding/decoding digital video data using a large macroblock, i.e., a macroblock that contains more
pixels than a 16x16 macroblock. As shown in FIG. 1, system 10 includes a source device 12 that transmits encoded
video to a destination device 14 via a communication channel 16. Source device 12 and destination device 14 may
comprise any of a wide range of devices. In some cases, source device 12 and destination device 14 may comprise
wireless communication devices, such as wireless handsets, so-called cellular or satellite radiotelephones, or any wireless
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devices that can communicate video information over a communication channel 16, in which case communication channel
16 is wireless. The techniques of this disclosure, however, which concern use of a large macroblock comprising more
pixels than macroblocks prescribed by conventional video encoding standards, are not necessarily limited to wireless
applications or settings. For example, these techniques may apply to over-the-air television broadcasts, cable television
transmissions, satellite television transmissions, Internet video transmissions, encoded digital video that is encoded onto
a storage medium, or other scenarios. Accordingly, communication channel 16 may comprise any combination of wireless
or wired media suitable for transmission of encoded video data.
[0059] In the example of FIG. 1, source device 12 may include a video source 18, video encoder 20, a modulator/de-
modulator (modem) 22 and a transmitter 24. Destination device 14 may include a receiver 26, a modem 28, a video
decoder 30, and a display device 32. In accordance with this disclosure, video encoder 20 of source device 12 may be
configured to apply one or more of the techniques for using, in a video encoding process, a large macroblock having a
size that is larger than a macroblock size prescribed by conventional video encoding standards. Similarly, video decoder
30 of destination device 14 may be configured to apply one or more of the techniques for using, in a video decoding
process, a macroblock size that is larger than a macroblock size prescribed by conventional video encoding standards.
[0060] The illustrated system 10 of FIG. 1 is merely one example. Techniques for using a large macroblock as described
in this disclosure may be performed by any digital video encoding and/or decoding device. Source device 12 and
destination device 14 are merely examples of such coding devices in which source device 12 generates coded video
data for transmission to destination device 14. In some examples, devices 12, 14 may operate in a substantially sym-
metrical manner such that each of devices 12, 14 include video encoding and decoding components. Hence, system
10 may support one-way or two-way video transmission between video devices 12, 14, e.g., for video streaming, video
playback, video broadcasting, or video telephony.
[0061] Video source 18 of source device 12 may include a video capture device, such as a video camera, a video
archive containing previously captured video, an/or a video feed from a video content provider. As a further alternative,
video source 18 may generate computer graphics-based data as the source video, or a combination of live video, archived
video, and computer-generated video. In some cases, if video source 18 is a video camera, source device 12 and
destination device 14 may form so-called camera phones or video phones. As mentioned above, however, the techniques
described in this disclosure may be applicable to video coding in general, and may be applied to wireless or wired
applications. In each case, the captured, pre-captured, or computer-generated video may be encoded by video encoder
20. The encoded video information may then be modulated by modem 22 according to a communication standard, and
transmitted to destination device 14 via transmitter 24. Modem 22 may include various mixers, filters, amplifiers or other
components designed for signal modulation. Transmitter 24 may include circuits designed for transmitting data, including
amplifiers, filters, and one or more antennas.
[0062] Receiver 26 of destination device 14 receives information over channel 16, and modem 28 demodulates the
information. Again, the video encoding process may implement one or more of the techniques described herein to use
a large macroblock, e.g., larger than 16x16, for inter (i.e., temporal) and/or intra (i.e., spatial) encoding of video data.
The video decoding process performed by video decoder 30 may also use such techniques during the decoding process.
The information communicated over channel 16 may include syntax information defined by video encoder 20, which is
also used by video decoder 30, that includes syntax elements that describe characteristics and/or processing of the
large macroblocks, as discussed in greater detail below. The syntax information may be included in any or all of a frame
header, a slice header, a sequence header (for example, with respect to H.264, by using profile and level to which the
coded video sequence conforms), or a macroblock header. Display device 32 displays the decoded video data to a user,
and may comprise any of a variety of display devices such as a cathode ray tube (CRT), a liquid crystal display (LCD),
a plasma display, an organic light emitting diode (OLED) display, or another type of display device.
[0063] In the example of FIG. 1, communication channel 16 may comprise any wireless or wired communication
medium, such as a radio frequency (RF) spectrum or one or more physical transmission lines, or any combination of
wireless and wired media. Communication channel 16 may form part of a packet-based network, such as a local area
network, a wide-area network, or a global network such as the Internet. Communication channel 16 generally represents
any suitable communication medium, or collection of different communication media, for transmitting video data from
source device 12 to destination device 14, including any suitable combination of wired or wireless media. Communication
channel 16 may include routers, switches, base stations, or any other equipment that may be useful to facilitate com-
munication from source device 12 to destination device 14.
[0064] Video encoder 20 and video decoder 30 may operate according to a video compression standard, such as the
ITU-T H.264 standard, alternatively described as MPEG-4, Part 10, Advanced Video Coding (AVC). The techniques of
this disclosure, however, are not limited to any particular coding standard. Other examples include MPEG-2 and ITU-T
H.263. Although not shown in FIG. 1, in some aspects, video encoder 20 and video decoder 30 may each be integrated
with an audio encoder and decoder, and may include appropriate MUX-DEMUX units, or other hardware and software,
to handle encoding of both audio and video in a common data stream or separate data streams. If applicable, MUX-
DEMUX units may conform to the ITU H.223 multiplexer protocol, or other protocols such as the user datagram protocol
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(UDP).
[0065] The ITU-T H.264/MPEG-4 (AVC) standard was formulated by the ITU-T Video Coding Experts Group (VCEG)
together with the ISO/IEC Moving Picture Experts Group (MPEG) as the product of a collective partnership known as
the Joint Video Team (JVT). In some aspects, the techniques described in this disclosure may be applied to devices
that generally conform to the H.264 standard. The H.264 standard is described in ITU-T Recommendation H.264,
Advanced Video Coding for generic audiovisual services, by the ITU-T Study Group, and dated March, 2005, which may
be referred to herein as the H.264 standard or H.264 specification, or the H.264/AVC standard or specification. The
Joint Video Team (JVT) continues to work on extensions to H.264/MPEG-4 AVC.
[0066] Video encoder 20 and video decoder 30 each may be implemented as any of a variety of suitable encoder
circuitry, such as one or more microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware, firmware or any combinations
thereof. Each of video encoder 20 and video decoder 30 may be included in one or more encoders or decoders, either
of which may be integrated as part of a combined encoder/decoder (CODEC) in a respective camera, computer, mobile
device, subscriber device, broadcast device, set-top box, server, or the like.
[0067] A video sequence typically includes a series of video frames. Video encoder 20 operates on video blocks within
individual video frames in order to encode the video data. A video block may correspond to a macroblock or a partition
of a macroblock. A video block may further correspond to a partition of a partition. The video blocks may have fixed or
varying sizes, and may differ in size according to a specified coding standard or in accordance with the techniques of
this disclosure. Each video frame may include a plurality of slices. Each slice may include a plurality of macroblocks,
which may be arranged into partitions, also referred to as sub-blocks.
[0068] As an example, the ITU-T H.264 standard supports intra prediction in various block sizes, such as 16 by 16, 8
by 8, or 4 by 4 for luma components, and 8x8 for chroma components, as well as inter prediction in various block sizes,
such as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4 for luma components and corresponding scaled sizes for chroma
components. In this disclosure, "x" and "by" may be used interchangeably to refer to the pixel dimensions of the block
in terms of vertical and horizontal dimensions, e.g., 16x16 pixels or 16 by 16 pixels. In general, a 16x16 block will have
16 pixels in a vertical direction and 16 pixels in a horizontal direction. Likewise, an NxN block generally has N pixels in
a vertical direction and N pixels in a horizontal direction, where N represents a positive integer value that may be greater
than 16. The pixels in a block may be arranged in rows and columns.
[0069] Block sizes that are less than 16 by 16 may be referred to as partitions of a 16 by 16 macroblock. Likewise, for
an NxN block, block sizes less than NxN may be referred to as partitions of the NxN block. The techniques of this
disclosure describe intra- and inter-coding for macroblocks larger than the conventional 16x16 pixel macroblock, such
as 32x32 pixel macroblocks, 64x64 pixel macroblocks, or larger macroblocks. Video blocks may comprise blocks of
pixel data in the pixel domain, or blocks of transform coefficients in the transform domain, e.g., following application of
a transform such as a discrete cosine transform (DCT), an integer transform, a wavelet transform, or a conceptually
similar transform to the residual video block data representing pixel differences between coded video blocks and predictive
video blocks. In some cases, a video block may comprise blocks of quantized transform coefficients in the transform
domain.
[0070] Smaller video blocks can provide better resolution, and may be used for locations of a video frame that include
high levels of detail. In general, macroblocks and the various partitions, sometimes referred to as sub-blocks, may be
considered to be video blocks. In addition, a slice may be considered to be a plurality of video blocks, such as macroblocks
and/or sub-blocks. Each slice may be an independently decodable unit of a video frame. Alternatively, frames themselves
may be decodable units, or other portions of a frame may be defined as decodable units. The term "coded unit" or "coding
unit" may refer to any independently decodable unit of a video frame such as an entire frame, a slice of a frame, a group
of pictures (GOP) also referred to as a sequence, or another independently decodable unit defined according to applicable
coding techniques.
[0071] Following intra-predictive or inter-predictive coding to produce predictive data and residual data, and following
any transforms (such as the 4x4 or 8x8 integer transform used in H.264/AVC or a discrete cosine transform DCT) to
produce transform coefficients, quantization of transform coefficients may be performed. Quantization generally refers
to a process in which transform coefficients are quantized to possibly reduce the amount of data used to represent the
coefficients. The quantization process may reduce the bit depth associated with some or all of the coefficients. For
example, an n-bit value may be rounded down to an m-bit value during quantization, where n is greater than m.
[0072] Following quantization, entropy coding of the quantized data may be performed, e.g., according to content
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding (CABAC), or another entropy coding
methodology. A processing unit configured for entropy coding, or another processing unit, may perform other processing
functions, such as zero run length coding of quantized coefficients and/or generation of syntax information such as CBP
values, macroblock type, coding mode, maximum macroblock size for a coded unit (such as a frame, slice, macroblock,
or sequence), or the like.
[0073] According to various techniques of this disclosure, video encoder 20 may use a macroblock that is larger than
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that prescribed by conventional video encoding standards to encode digital video data. In one example, video encoder
20 may encode, with a video encoder, a video block having a size of more than 16x16 pixels, generate block-type syntax
information that indicates the size of the block, and generate a CBP value for the encoded block, wherein the coded
block pattern value indicates whether the encoded block includes at least one non-zero coefficient. The macroblock
block-type syntax information may be provided in a macroblock header for the large macroblock. The macroblock block-
type syntax information may indicate an address or position of the macroblock in a frame or slice, or a macroblock
number that identifies the position of the macroblock, a type of coding mode applied to the macroblock, a quantization
value for the macroblock, any motion vector information for the macroblock and a CBP value for the macroblock.
[0074] In another example, video encoder 20 may receive a video block having a size of more than 16x16 pixels,
partitioning the block into partitions, encode one of the partitions using a first encoding mode, encode another of the
partitions using a second encoding mode different from the first encoding mode, and generate block-type syntax infor-
mation that indicates the size of the block and identifies the partitions and the encoding modes used to encode the
partitions.
[0075] In an additional example, video encoder 20 may receive a video coding unit, such as a frame or slice, determine
a first rate-distortion metric for encoding the video coding unit using first video blocks with sizes of 16x16 pixels, determine
a second rate-distortion metric for encoding the video coding unit using second video blocks with sizes of more than
16x16 pixels, encode the video coding unit using the first video blocks when the first rate-distortion metric is less than
second rate-distortion metric, and encode the video coding unit using the second video blocks when the second rate-
distortion metric is less than the first rate-distortion metric.
[0076] In one example, video decoder 30 may receive an encoded video block having a size of more than 16x16
pixels, receive block-type syntax information that indicates the size of the encoded block, receive a coded block pattern
value for the encoded block, wherein the coded block pattern value indicates whether the encoded block includes at
least one non-zero coefficient, and decode the encoded block based on the block-type syntax information and the coded
block pattern value for the encoded block.
[0077] In another example, video decoder 30 may receive a video block having a size of more than 16x16 pixels,
wherein the block is partitioned into partitions, one of the partitions is intra-encoded and another of the partitions is intra-
encoded, receive block-type syntax information that indicates the size of the block and identifies the partitions and the
encoding modes used to encode the partitions, and decode the video block based on the block-type syntax information.
[0078] FIG. 2 is a block diagram illustrating an example of a video encoder 50 that may implement techniques for
using a large macroblock consistent with this disclosure. Video encoder 50 may correspond to video encoder 20 of
source device 12, or a video encoder of a different device. Video encoder 50 may perform intra- and inter-coding of
blocks within video frames, including large macroblocks, or partitions or sub-partitions of large macroblocks. Intra-coding
relies on spatial prediction to reduce or remove spatial redundancy in video within a given video frame. Inter-coding
relies on temporal prediction to reduce or remove temporal redundancy in video within adjacent frames of a video
sequence.
[0079] Intra-mode (I-mode) may refer to any of several spatial based compression modes and inter-modes such as
prediction (P-mode) or bi-directional (B-mode) may refer to any of several temporal-based compression modes. The
techniques of this disclosure may be applied both during inter-coding and intra-coding. In some cases, techniques of
this disclosure may also be applied to encoding non-video digital pictures. That is, a digital still picture encoder may
utilize the techniques of this disclosure to intra-code a digital still picture using large macroblocks in a manner similar to
encoding intra-coded macroblocks in video frames in a video sequence.
[0080] As shown in FIG. 2, video encoder 50 receives a current video block within a video frame to be encoded. In
the example of FIG. 2, video encoder 50 includes motion compensation unit 35, motion estimation unit 36, intra prediction
unit 37, mode select unit 39, reference frame store 34, summer 48, transform unit 38, quantization unit 40, and entropy
coding unit 46. For video block reconstruction, video encoder 50 also includes inverse quantization unit 42, inverse
transform unit 44, and summer 51. A deblocking filter (not shown in FIG. 2) may also be included to filter block boundaries
to remove blockiness artifacts from reconstructed video. If desired, the deblocking filter would typically filter the output
of summer 51.
[0081] During the encoding process, video encoder 50 receives a video frame or slice to be coded. The frame or slice
may be divided into multiple video blocks, including large macroblocks. Motion estimation unit 36 and motion compen-
sation unit 35 perform inter-predictive coding of the received video block relative to one or more blocks in one or more
reference frames to provide temporal compression. Intra prediction unit 37 performs intra-predictive coding of the received
video block relative to one or more neighboring blocks in the same frame or slice as the block to be coded to provide
spatial compression.
[0082] Mode select unit 39 may select one of the coding modes, intra or inter, e.g., based on error results, and provides
the resulting intra- or inter-coded block to summer 48 to generate residual block data and to summer 51 to reconstruct
the encoded block for use as a reference frame. In accordance with the techniques of this disclosure, the video block
to be coded may comprise a macroblock that is larger than that prescribed by conventional coding standards, i.e., larger
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than a 16x16 pixel macroblock. For example, the large video block may comprise a 64x64 pixel macroblock or a 32x32
pixel macroblock.
[0083] Motion estimation unit 36 and motion compensation unit 35 may be highly integrated, but are illustrated sepa-
rately for conceptual purposes. Motion estimation is the process of generating motion vectors, which estimate motion
for video blocks. A motion vector, for example, may indicate the displacement of a predictive block within a predictive
reference frame (or other coded unit) relative to the current block being coded within the current frame (or other coded
unit). A predictive block is a block that is found to closely match the block to be coded, in terms of pixel difference, which
may be determined by sum of absolute difference (SAD), sum of square difference (SSD), or other difference metrics.
[0084] A motion vector may also indicate displacement of a partition of a large macroblock. In one example with respect
to a 64x64 pixel macroblock with a 32x64 partition and two 32x32 partitions, a first motion vector may indicate displacement
of the 32x64 partition, a second motion vector may indicate displacement of a first one of the 32x32 partitions, and a
third motion vector may indicate displacement of a second one of the 32x32 partitions, all relative to corresponding
partitions in a reference frame. Such partitions may also be considered video blocks, as those terms are used in this
disclosure. Motion compensation may involve fetching or generating the predictive block based on the motion vector
determined by motion estimation. Again, motion estimation unit 36 and motion compensation unit 35 may be functionally
integrated.
[0085] Motion estimation unit 36 calculates a motion vector for the video block of an inter-coded frame by comparing
the video block to video blocks of a reference frame in reference frame store 34. Motion compensation unit 35 may also
interpolate sub-integer pixels of the reference frame, e.g., an I-frame or a P-frame. The ITU H.264 standard refers to
reference frames as "lists." Therefore, data stored in reference frame store 34 may also be considered lists. Motion
estimation unit 36 compares blocks of one or more reference frames (or lists) from reference frame store 34 to a block
to be encoded of a current frame, e.g., a P-frame or a B-frame. When the reference frames in reference frame store 34
include values for sub-integer pixels, a motion vector calculated by motion estimation unit 36 may refer to a sub-integer
pixel location of a reference frame. Motion estimation unit 36 sends the calculated motion vector to entropy coding unit
46 and motion compensation unit 35. The reference frame block identified by a motion vector may be referred to as a
predictive block. Motion compensation unit 35 calculates error values for the predictive block of the reference frame.
[0086] Motion compensation unit 35 may calculate prediction data based on the predictive block. Video encoder 50
forms a residual video block by subtracting the prediction data from motion compensation unit 35 from the original video
block being coded. Summer 48 represents the component or components that perform this subtraction operation. Trans-
form unit 38 applies a transform, such as a discrete cosine transform (DCT) or a conceptually similar transform, to the
residual block, producing a video block comprising residual transform coefficient values. Transform unit 38 may perform
other transforms, such as those defined by the H.264 standard, which are conceptually similar to DCT. Wavelet trans-
forms, integer transforms, sub-band transforms or other types of transforms could also be used. In any case, transform
unit 38 applies the transform to the residual block, producing a block of residual transform coefficients. The transform
may convert the residual information from a pixel value domain to a transform domain, such as a frequency domain.
[0087] Quantization unit 40 quantizes the residual transform coefficients to further reduce bit rate. The quantization
process may reduce the bit depth associated with some or all of the coefficients. In one example, quantization unit 40
may establish a different degree of quantization for each 64x64 pixel macroblock according to a luminance quantization
parameter, referred to in this disclosure as QPY. Quantization unit 40 may further modify the luminance quantization
parameter used during quantization of a 64x64 macroblock based on a quantization parameter modifier, referred to
herein as "MB64_delta_QP," and a previously encoded 64x64 pixel macroblock.
[0088] Each 64x64 pixel large macroblock may comprise an individual MB64_delta_QP value, in the range between
-26 and +25, inclusive. In general, video encoder 50 may establish the MB64_delta_QP value for a particular block
based on a desired bitrate for transmitting the encoded version of the block. The MB64_delta_QP value of a first 64x64
pixel macroblock may be equal to the QP value of a frame or slice that includes the first 64x64 pixel macroblock, e.g.,
in the frame/slice header. QPy for a current 64x64 pixel macroblock may be calculated according to the formula: 

 where QPY,PREV refers to the QPY value of the previous 64x64 pixel macroblock in the decoding order of the current
slice/frame, and where "%" refers to the modulo operator such that N%52 returns a result between 0 and 51, inclusive,
corresponding to the remainder value of N divided by 52. For a first macroblock in a frame/slice, QPY,PREV may be set
equal to the frame/slice QP sent in the frame/slice header.
[0089] In one example, quantization unit 40 presumes that the MB64_delta_QP value is equal to zero when a
MB64_delta_QP value is not defined for a particular 64x64 pixel macroblock, including "skip" type macroblocks, such
as P_Skip and B_Skip macroblock types. In some examples, additional delta_QP values (generally referred to as
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quantization parameter modification values) may be defined for finer grain quantization control of partitions within a
64x64 pixel macroblock, such as MB32_delta_QP values for each 32x32 pixel partition of a 64x64 pixel macroblock. In
some examples, each partition of a 64x64 macroblock may be assigned an individual quantization parameter. Using an
individualized quantization parameter for each partition may result in more efficient quantization of a macroblock, e.g.,
to better adjust quantization for a non-homogeneous area, instead of using a single QP for a 64x64 macroblock. Each
quantization parameter modification value may be included as syntax information with the corresponding encoded block,
and a decoder may decode the encoded block by dequantizing, i.e., inverse quantizing, the encoded block according
to the quantization parameter modification value.
[0090] Following quantization, entropy coding unit 46 entropy codes the quantized transform coefficients. For example,
entropy coding unit 46 may perform content adaptive variable length coding (CAVLC), context adaptive binary arithmetic
coding (CABAC), or another entropy coding technique. Following the entropy coding by entropy coding unit 46, the
encoded video may be transmitted to another device or archived for later transmission or retrieval. The coded bitstream
may include entropy coded residual transform coefficient blocks, motion vectors for such blocks, MB64_delta_QP values
for each 64x64 pixel macroblock, and other syntax elements including, for example, macroblock-type identifier values,
coded unit headers indicating the maximum size of macroblocks in the coded unit, QPy values, coded block pattern
(CBP) values, values that identify a partitioning method of a macroblock or sub-block, and transform size flag values,
as discussed in greater detail below. In the case of context adaptive binary arithmetic coding, context may be based on
neighboring macroblocks.
[0091] In some cases, entropy coding unit 46 or another unit of video encoder 50 may be configured to perform other
coding functions, in addition to entropy coding. For example, entropy coding unit 46 may be configured to determine the
CBP values for the large macroblocks and partitions. Entropy coding unit 46 may apply a hierarchical CBP scheme to
provide a CBP value for a large macroblock that indicates whether any partitions in the macroblock include non-zero
transform coefficient values and, if so, other CBP values to indicate whether particular partitions within the large mac-
roblock have non-zero transform coefficient values. Also, in some cases, entropy coding unit 46 may perform run length
coding of the coefficients in a large macroblock or subpartition. In particular, entropy coding unit 46 may apply a zig-zag
scan or other scan pattern to scan the transform coefficients in a macroblock or partition and encode runs of zeros for
further compression. Entropy coding unit 46 also may construct header information with appropriate syntax elements
for transmission in the encoded video bitstream.
[0092] Inverse quantization unit 42 and inverse transform unit 44 apply inverse quantization and inverse transformation,
respectively, to reconstruct the residual block in the pixel domain, e.g., for later use as a reference block. Motion com-
pensation unit 35 may calculate a reference block by adding the residual block to a predictive block of one of the frames
of reference frame store 34. Motion compensation unit 35 may also apply one or more interpolation filters to the recon-
structed residual block to calculate sub-integer pixel values. Summer 51 adds the reconstructed residual block to the
motion compensated prediction block produced by motion compensation unit 35 to produce a reconstructed video block
for storage in reference frame store 34. The reconstructed video block may be used by motion estimation unit 36 and
motion compensation unit 35 as a reference block to inter-code a block in a subsequent video frame. The large macroblock
may comprise a 64x64 pixel macroblock, a 32x32 pixel macroblock, or other macroblock that is larger than the size
prescribed by conventional video coding standards.
[0093] FIG. 3 is a block diagram illustrating an example of a video decoder 60, which decodes a video sequence that
is encoded in the manner described in this disclosure. The encoded video sequence may include encoded macroblocks
that are larger than the size prescribed by conventional video encoding standards. For example, the encoded macroblocks
may be 32x32 pixel or 64x64 pixel macroblocks. In the example of FIG. 3, video decoder 60 includes an entropy decoding
unit 52, motion compensation unit 54, intra prediction unit 55, inverse quantization unit 56, inverse transformation unit
58, reference frame store 62 and summer 64. Video decoder 60 may, in some examples, perform a decoding pass
generally reciprocal to the encoding pass described with respect to video encoder 50 (FIG. 2). Motion compensation
unit 54 may generate prediction data based on motion vectors received from entropy decoding unit 52.
[0094] Entropy decoding unit 52 entropy-decodes the received bitstream to generate quantized coefficients and syntax
elements (e.g., motion vectors, CBP values, QPY values, transform size flag values, MB64_delta_QP values). Entropy
decoding unit 52 may parse the bitstream to identify syntax information in coded units such as frames, slices and/or
macroblock headers. Syntax information for a coded unit comprising a plurality of macroblocks may indicate the maximum
size of the macroblocks, e.g., 16x16 pixels, 32x32 pixels, 64x64 pixels, or other larger sized macroblocks in the coded
unit. The syntax information for a block is forwarded from entropy coding unit 52 to either motion compensation unit 54
or intra-prediction unit 55, e.g., depending on the coding mode of the block. A decoder may use the maximum size
indicator in the syntax of a coded unit to select a syntax decoder for the coded unit. Using the syntax decoder specified
for the maximum size, the decoder can then properly interpret and process the large-sized macroblocks include in the
coded unit.
[0095] Motion compensation unit 54 may use motion vectors received in the bitstream to identify a prediction block in
reference frames in reference frame store 62. Intra prediction unit 55 may use intra prediction modes received in the
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bitstream to form a prediction block from spatially adjacent blocks. Inverse quantization unit 56 inverse quantizes, i.e.,
de-quantizes, the quantized block coefficients provided in the bitstream and decoded by entropy decoding unit 52. The
inverse quantization process may include a conventional process, e.g., as defined by the H.264 decoding standard. The
inverse quantization process may also include use of a quantization parameter QPy calculated by encoder 50 for each
64x64 macroblock to determine a degree of quantization and, likewise, a degree of inverse quantization that should be
applied.
[0096] Inverse transform unit 58 applies an inverse transform, e.g., an inverse DCT, an inverse integer transform, or
a conceptually similar inverse transform process, to the transform coefficients in order to produce residual blocks in the
pixel domain. Motion compensation unit 54 produces motion compensated blocks, possibly performing interpolation
based on interpolation filters. Identifiers for interpolation filters to be used for motion estimation with sub-pixel precision
may be included in the syntax elements. Motion compensation unit 54 may use interpolation filters as used by video
encoder 50 during encoding of the video block to calculate interpolated values for sub-integer pixels of a reference block.
Motion compensation unit 54 may determine the interpolation filters used by video encoder 50 according to received
syntax information and use the interpolation filters to produce predictive blocks.
[0097] Motion compensation unit 54 uses some of the syntax information to determine sizes of macroblocks used to
encode frame(s) of the encoded video sequence, partition information that describes how each macroblock of a frame
of the encoded video sequence is partitioned, modes indicating how each partition is encoded, one or more reference
frames (or lists) for each inter-encoded macroblock or partition, and other information to decode the encoded video
sequence.
[0098] Summer 64 sums the residual blocks with the corresponding prediction blocks generated by motion compen-
sation unit 54 or intra-prediction unit to form decoded blocks. If desired, a deblocking filter may also be applied to filter
the decoded blocks in order to remove blockiness artifacts. The decoded video blocks are then stored in reference frame
store 62, which provides reference blocks for subsequent motion compensation and also produces decoded video for
presentation on a display device (such as device 32 of FIG. 1). The decoded video blocks may each comprise a 64x64
pixel macroblock, 32x32 pixel macroblock, or other larger-than-standard macroblock. Some macroblocks may include
partitions with a variety of different partition sizes.
[0099] FIG. 4A is a conceptual diagram illustrating example partitioning among various partition levels of a large
macroblock. Blocks of each partition level include a number of pixels corresponding to the particular level. Four partitioning
patterns are also shown for each level, where a first partition pattern includes the whole block, a second partition pattern
includes two horizontal partitions of equal size, a third partition pattern includes two vertical partitions of equal size, and
a fourth partition pattern includes four equally-sized partitions. One of the partitioning patterns may be chosen for each
partition at each partition level.
[0100] In the example of FIG. 4A, level 0 corresponds to a 64x64 pixel macroblock partition of luma samples and
associated chroma samples. Level 1 corresponds to a 32x32 pixel block of luma samples and associated chroma
samples. Level 2 corresponds to a 16x16 pixel block of luma samples and associated chroma samples, and level 3
corresponds to an 8x8 pixel block of luma samples and associated chroma samples.
[0101] In other examples, additional levels could be introduced to utilize larger or smaller numbers of pixels. For
example, level 0 could begin with a 128x128 pixel macroblock, a 256x256 pixel macroblock, or other larger-sized mac-
roblock. The highest-numbered level, in some examples, could be as fine-grain as a single pixel, i.e., a 1x1 block. Hence,
from the lowest to highest levels, partitioning may be increasingly sub-partitioned, such that the macroblock is partitioned,
partitions are further partitioned, further partitions are still further partitioned, and so forth. In some instances, partitions
below level 0, i.e., partitions of partitions, may be referred to as sub-partitions.
[0102] When a block at one level is partitioned using four equally-sized sub-blocks, any or all of the sub-blocks may
be partitioned according to the partition patterns of the next level. That is, for an NxN block that has been partitioned at
level x into four equally sized sub-blocks (N/2)x(N/2), any of the (N/2)x(N/2) sub-blocks can be further partitioned according
to any of the partition patterns of level x+1. Thus, a 32x32 pixel sub-block of a 64x64 pixel macroblock at level 0 can be
further partitioned according to any of the patterns shown in FIG. 4A at level 1, e.g., 32x32, 32x16 and 32x16, 16x32
and 16x32, or 16x16, 16x16, 16x16 and 16x16. Likewise, where four 16x16 pixel sub-blocks result from a 32x32 pixel
sub-block being partitioned, each of the 16x16 pixel sub-blocks can be further partitioned according to any of the patterns
shown in FIG. 4A at level 2. Where four 8x8 pixel sub-blocks result from a 16x16 pixel sub-block being partitioned, each
of the 8x8 pixel sub-blocks can be further partitioned according to any of the patterns shown in FIG. 4A at level 3.
[0103] Using the example four levels of partitions shown in FIG. 4A, large homogeneous areas and fine sporadic
changes can be adaptively represented by an encoder implementing the framework and techniques of this disclosure.
For example, video encoder 50 may determine different partitioning levels for different macroblocks, as well as coding
modes to apply to such partitions, e.g., based on rate-distortion analysis. Also, as described in greater detail below,
video encoder 50 may encode at least some of the final partitions differently, using spatial (P-encoded or B-encoded)
or temporal (I-encoded) prediction, e.g., based on rate-distortion metric results or other considerations.
[0104] Instead of coding a large macroblock uniformly such that all partitions have the same intra- or inter-coding
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mode, a large macroblock may be coded such that some partitions have different coding mode. For example, some (at
least one) partitions may be coded with different intra-coding modes (e.g., I_16x16, I_8x8, I_4x4) relative to other (at
least one) partitions in the same macroblock. Also, some (at least one) partitions may be intra-coded while other (at
least one) partitions in the same macroblock are inter-coded.
[0105] For example, video encoder 50 may, for a 32x32 block with four 16x16 partitions, encode some of the 16x16
partitions using spatial prediction and other 16x16 partitions using temporal prediction. As another example, video
encoder 50 may, for a 32x32 block with four 16x16 partitions, encode one or more of the 16x16 partitions using a first
prediction mode (e.g., one of I_16x16, I_8x8, I_4x4) and one or more other 16x16 partitions using a different spatial
prediction mode (e.g., one of I_16x16, I_8x8, I_4x4).
[0106] FIG. 4B is a conceptual diagram illustrating assignment of different coding modes to different partitions a large
macroblock. In particular, FIG. 4B illustrates assignment of an I_16x16 intra-coding mode to an upper left 16x16 block
of a large 32x32 macroblock, I_8x8 intra-coding modes to upper right and lower left 16x16 blocks of the large 32x32
macroblock, and an I_4x4 intra-coding mode to a lower right 16x16 block of the large 32x32 macroblock. In some cases,
the coding modes illustrated in FIG. 4B may be H.264 intra-coding modes for luma coding.
[0107] In the manner described, each partition can be further partitioned on a selective basis, and each final partition
can be selectively coded using either temporal prediction or spatial prediction, and using selected temporal or spatial
coding modes. Consequently, it is possible to code a large macroblock with mixed modes such that some partitions in
the macroblock are intra-coded and other partitions in the same macroblock are inter-coded, or some partitions in the
same macroblock are coded with different intra-coding modes or different inter-coding modes.
[0108] Video encoder 50 may further define each partition according to a macroblock type. The macroblock type may
be included as a syntax element in an encoded bitstream, e.g., as a syntax element in a macroblock header. In general,
the macroblock type may be used to identify how the macroblock is partitioned, and the respective methods or modes
for encoding each of the partitions of the macroblock, as discussed above. Methods for encoding the partitions may
include not only intra- and inter-coding, but also particular modes of intra-coding (e.g., I_16x16, I_8x8, I_4x4) or inter-
coding (e.g., P_ or B_16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4).
[0109] As discussed with respect to the example of Table 1 below in greater detail for P-blocks and with respect to
the example of Table 2 below for B-blocks, partition level 0 blocks may be defined according to an MB64_type syntax
element, representative of a macroblock with 64x64 pixels. Similar type definitions may be formed for any MB[N]_type,
where [N] refers to a block with NxN pixels, where N is a positive integer that may be greater than 16. When an NxN
block has four partitions of size (N/2)x(N/2), as shown in the last column on FIG. 4A, each of the four partitions may
receive their own type definitions, e.g., MB[N/2]_type. For example, for a 64x64 pixel block (of type MB64_type) with
four 32x32 pixel partitions, video encoder 50 may introduce an MB32_type for each of the four 32x32 pixel partitions.
These macroblock type syntax elements may assist decoder 60 in decoding large macroblocks and various partitions
of large macroblocks, as described in this disclosure. Each NxN pixel macroblock where N is greater than 16 generally
corresponds to a unique type definition. Accordingly, the encoder may generate syntax appropriate for the particular
macroblock and indicate to the decoder the maximum size of macroblocks in a coded unit, such as a frame, slice, or
sequence of macroblocks. In this manner, the decoder may receive an indication of a syntax decoder to apply to mac-
roblocks of the coded unit. This also ensures that the decoder may be backwards-compatible with existing coding
standards, such as H.264, in that the encoder may indicate the type of syntax decoders to apply to the macroblocks,
e.g., standard H.264 or those specified for processing of larger macroblocks according to the techniques of this disclosure.
[0110] In general, each MB[N]_type definition may represent, for a corresponding type, a number of pixels in a block
of the corresponding type (e.g., 64x64), a reference frame (or reference list) for the block, a number of partitions for the
block, the size of each partition of the block, how each partition is encoded (e.g., intra or inter and particular modes),
and the reference frame (or reference list) for each partition of the block when the partition is inter-coded. For 16x16
and smaller blocks, video encoder 50 may, in some examples, use conventional type definitions as the types of the
blocks, such as types specified by the H.264 standard. In other examples, video encoder 50 may apply newly defined
block types for 16x16 and smaller blocks.
[0111] Video encoder 50 may evaluate both conventional inter- or intra-coding methods using normal macroblock
sizes and partitions, such as methods prescribed by ITU H.264, and inter- or intra-coding methods using the larger
macroblocks and partitions described by this disclosure, and compare the rate-distortion characteristics of each approach
to determine which method results in the best rate-distortion performance. Video encoder 50 then may select, and apply
to the block to be coded, the best coding approach, including inter- or intra-mode, macroblock size (large, larger or
normal), and partitioning, based on optimal or acceptable rate-distortion results for the coding approach. As an illustration,
video encoder 50 may select the use of 64x64 macroblocks, 32x32 macroblocks or 16x16 macroblocks to encode a
particular frame or slice based on rate-distortion results produced when the video encoder uses such macroblock sizes.
[0112] In general, two different approaches may be used to design intra modes using large macroblocks. As one
example, during intra-coding, spatial prediction may be performed for a block based on neighboring blocks directly. In
accordance with the techniques of this disclosure, video encoder 50 may generate spatial predictive 32x32 blocks based
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on their neighboring pixels directly and generate spatial predictive 64x64 blocks based on their neighboring pixels directly.
In this manner, spatial prediction may be performed at a larger scale compared to 16x16 intra blocks. Therefore, these
techniques may, in some examples, result in some bit rate savings, e.g., with a smaller number of blocks or partitions
per frame or slice.
[0113] As another example, video encoder 50 may group four NxN blocks together to generate an (N∗2)x(N∗2) block,
and then encode the (N∗2)x(N∗2) block. Using existing H.264 intra-coding modes, video encoder 50 may group four
intra-coded blocks together, thereby forming a large intra-coded macroblock. For example, four intra-coded blocks, each
having a size of 16x16, can be grouped together to form a large, 32x32 intra-coded block. Video encoder 50 may encode
each of the four corresponding NxN blocks using a different encoding mode, e.g., I_16x16, I_8x8, or I_4x4 according
to H.264. In this manner, each 16x16 block can be assigned its own mode of spatial prediction by video encoder 50,
e.g., to promote favorable encoding results.
[0114] Video encoder 50 may design intra modes according to either of the two different methods discussed above,
and analyze the different methods to determine which approach provides better encoding results. For example, video
encoder 50 may apply the different intra mode approaches, and place them in a single candidate pool to allow them to
compete with each other for the best rate-distortion performance. Using a rate-distortion comparison between the different
approaches, video encoder 50 can determine how to encode each partition and/or macroblock. In particular, video
encoder 50 may select the coding modes that produce the best rate-distortion performance for a given macroblock, and
apply those coding modes to encode the macroblock.
[0115] FIG. 5 is a conceptual diagram illustrating a hierarchical view of various partition levels of a large macroblock.
FIG. 5 also represents the relationships between various partition levels of a large macroblock as described with respect
to FIG. 4A. Each block of a partition level, as illustrated in the example of FIG. 5, may have a corresponding coded block
pattern (CBP) value. The CBP values form part of the syntax information that describes a block or macroblock. In one
example, the CBP values are each one-bit syntax values that indicate whether or not there are any nonzero transform
coefficient values in a given block following transform and quantization operations.
[0116] In some cases, a prediction block may be very close in pixel content to a block to be coded such that all of the
residual transform coefficients are quantized to zero, in which case there may be no need to transmit transform coefficients
for the coded block. Instead, the CBP value for the block may be set to zero to indicate that the coded block includes
no non-zero coefficients. Alternatively, if a block includes at least one non-zero coefficient, the CBP value may be set
to one. Decoder 60 may use CBP values to identify residual blocks that are coded, i.e., with one or more non-zero
transform coefficients, versus blocks that are not coded, i.e., including no non-zero transform coefficients.
[0117] In accordance with some of the techniques described in this disclosure, an encoder may assign CBP values
to large macroblocks hierarchically based on whether those macroblocks, including their partitions, have at least one
non-zero coefficient, and assign CBP values to the partitions to indicate which partitions have non-zero coefficients.
Hierarchical CBP for large macroblocks can facilitate processing of large macroblocks to quickly identify coded large
macroblocks and uncoded large macroblocks, and permit identification of coded partitions at each partition level for the
large macroblock to determine whether it is necessary to use residual data to decode the blocks.
[0118] In one example, a 64x64 pixel macroblock at level zero may include syntax information comprising a CBP64
value, e.g., a one-bit value, to indicate whether the entire 64x64 pixel macroblock, including any partitions, has non-zero
coefficients or not. In one example, video encoder 50 "sets" the CBP64 bit, e.g., to a value of "1," to represent that the
64x64 pixel macroblock includes at least one non-zero coefficient. Thus, when the CBP64 value is set, e.g., to a value
of "1," the 64x64 pixel macroblock includes at least one non-zero coefficient somewhere in the macroblock. In another
example, video encoder 50 "clears" the CBP64 value, e.g., to a value of "0," to represent that the 64x64 pixel macroblock
has all zero coefficients. Thus, when the CBP64 value is cleared, e.g., to a value of "0," the 64x64 pixel macroblock is
indicated as having all zero coefficients. Macroblocks with CBP64 values of "0" do not generally require transmission
of residual data in the bitstream, whereas macroblocks with CBP64 values of "1" generally require transmission of
residual data in the bitstream for use in decoding such macroblocks.
[0119] A 64x64 pixel macroblock that has all zero coefficients need not include CBP values for partitions or sub-blocks
thereof. That is, because the 64x64 pixel macroblock has all zero coefficients, each of the partitions also necessarily
has all zero coefficients. On the contrary, a 64x64 pixel macroblock that includes at least one non-zero coefficient may
further include CBP values for the partitions at the next partition level. For example, a CBP64 with a value of one may
include additional syntax information in the form of a one-bit value CBP32 for each 32x32 partition of the 64x64 block.
That is, in one example, each 32x32 pixel partition (such as the four partition blocks of level 1 in FIG. 5) of a 64x64 pixel
macroblock is assigned a CBP32 value as part of the syntax information of the 64x64 pixel macroblock. As with the
CBP64 value, each CBP32 value may comprise a bit that is set to a value of one when the corresponding 32x32 pixel
block has at least one non-zero coefficient and that is cleared to a value of zero when the corresponding 32x32 pixel
block has all zero coefficients. The encoder may further indicate, in syntax of a coded unit comprising a plurality of
macroblocks, such as a frame, slice, or sequence, the maximum size of a macroblock in the coded unit, to indicate to
the decoder how to interpret the syntax information of each macroblock, e.g., which syntax decoder to use for processing



EP 2 347 592 B1

16

5

10

15

20

25

30

35

40

45

50

55

of macroblocks in the coded unit.
[0120] In this manner, a 64x64 pixel macroblock that has all zero coefficients may use a single bit to represent the
fact that the macroblock has all zero coefficients, whereas a 64x64 pixel macroblock with at least one non-zero coefficient
may include CBP syntax information comprising at least five bits, a first bit to represent that the 64x64 pixel macroblock
has a non-zero coefficient and four additional bits, each representative of whether a corresponding one of four 32x32
pixel partitions of the macroblock includes at least one non-zero coefficient. In some examples, when the first three of
the four additional bits are zero, the fourth additional bit may not be included, which the decoder may interpret as the
last partition being one. That is, the encoder may determine that the last bit has a value of one when the first three bits
are zero and when the bit representative of the higher level hierarchy has a value of one. For example, a prefix of a
CBP64 value of "10001" may be shortened to "1000," as the first bit indicates that at least one of the four partitions has
non-zero coefficients, and the next three zeros indicate that the first three partitions have all zero coefficients. Therefore,
a decoder may deduce that it is the last partition that includes a non-zero coefficient, without the explicit bit informing
the decoder of this fact, e.g., from the bit string "1000." That is, the decoder may interpret the CBP64 prefix "1000" as
"10001."
[0121] Likewise, a one-bit CBP32 may be set to a value of "1" when the 32x32 pixel partition includes at least one
non-zero coefficient, and to a value of "0" when all of the coefficients have a value of zero. If a 32x32 pixel partition has
a CBP value of 1, then partitions of that 32x32 partition at the next partition level may be assigned CBP values to indicate
whether the respective partitions include any non-zero coefficients. Hence, the CBP values may be assigned in a
hierarchical manner at each partition level until there are no further partition levels or no partitions including non-zero
coefficients.
[0122] In the above manner, encoders and/or decoders may utilize hierarchical CBP values to represent whether a
large macroblock (e.g., 64x64 or 32x32) and partitions thereof include at least one non-zero coefficient or all zero
coefficients. Accordingly, an encoder may encode a large macroblock of a coded unit of a digital video stream, such
that the macroblock block comprises greater than 16x16 pixels, generate block-type syntax information that identifies
the size of the block, generate a CBP value for the block, such that the CBP value identifies whether the block includes
at least one non-zero coefficient, and generate additional CBP values for various partition levels of the block, if applicable.
[0123] In one example, the hierarchical CBP values may comprise an array of bits (e.g., a bit vector) whose length
depends on the values of the prefix. The array may further represent a hierarchy of CBP values, such as a tree structure,
as shown in FIG. 5. The array may represent nodes of the tree in a breadth-first manner, where each node corresponds
to a bit in the array. When a note of the tree has a bit that is set to "1," in one example, the node has four branches
(corresponding to the four partitions), and when the bit is cleared to "0," the node has no branches.
[0124] In this example, to identify the values of the nodes that branch from a particular node X, an encoder and/or a
decoder may determine the four consecutive bits starting at node Y that represent the nodes that branch from node x
by calculating: 

where tree[] corresponds to the array of bits with a starting index of 0, i is an integer index into the array tree[], x
corresponds to the index of node X in tree[], and y corresponds to the index of node Y that is the first branch-node of
node X. The three subsequent array positions (i.e., y+1, y+2, and y+3) correspond to the other branch-nodes of node X.
[0125] An encoder, such as video encoder 50 (FIG. 2), may assign CBP values for 16x16 pixel partitions of the 32x32
pixel partitions with at least one non-zero coefficient using existing methods, such as methods prescribed by ITU H.264
for setting CBP values for 16x16 blocks, as part of the syntax of the 64x64 pixel macroblock. The encoder may also
select CBP values for the partitions of the 32x32 pixel partitions that have at least one non-zero coefficient based on
the size of the partitions, a type of block corresponding to the partitions (e.g., chroma block or luma block), or other
characteristics of the partitions. Example methods for setting a CBP value of a partition of a 32x32 pixel partition are
discussed in further detail with respect to FIGS. 8 and 9.
[0126] FIGS. 6-9 are flowcharts illustrating example methods for setting various coded block pattern (CBP) values in
accordance with the techniques of this disclosure. Although the example methods of FIGS. 6-9 are discussed with
respect to a 64x64 pixel macroblock, it should be understood that similar techniques may apply for assigning hierarchical
CBP values for other sizes of macroblocks. Although the examples of FIGS. 6-9 are discussed with respect to video
encoder 50 (FIG. 2), it should be understood that other encoders may employ similar methods to assign CBP values to
larger-than-standard macroblocks. Likewise, decoders may utilize similar, albeit reciprocal, methods for interpreting the
meaning of a particular CBP value for a macroblock. For example, if an inter-coded macroblock received in the bitstream
has a CBP value of "0," the decoder may receive no residual data for the macroblock and may simply produce a predictive
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block identified by a motion vector as the decoded macroblock, or a group of predictive blocks identified by motion
vectors with respect to partitions of the macroblock.
[0127] FIG. 6 is a flowchart illustrating an example method for setting a CBP64 value of an example 64x64 pixel
macroblock. Similar methods may be applied for macroblocks larger than 64x64. Initially, video encoder 50 receives a
64x64 pixel macroblock (100). Motion estimation unit 36 and motion compensation unit 35 may then generate one or
more motion vectors and one or more residual blocks to encode the macroblock, respectively. The output of transform
unit 38 generally comprises an array of residual transform coefficient values for an intra-coded block or a residual block
of an inter-coded block, which array is quantized by quantization unit 40 to produce a series of quantized transform
coefficients.
[0128] Entropy coding unit 46 may provide entropy coding and other coding functions separate from entropy coding.
For example, in addition to CAVLC, CABAC, or other entropy coding functions, entropy coding unit 46 or another unit
of video encoder 50 may determine CBP values for the large macroblocks and partitions. In particular, entropy coding
unit 46 may determine the CBP64 value for a 64x64 pixel macroblock by first determining whether the macroblock has
at least one non-zero, quantized transform coefficient (102). When entropy coding unit 46 determines that all of the
transform coefficients have a value of zero ("NO" branch of 102), entropy coding unit 46 clears the CBP64 value for the
64x64 macroblock, e.g., resets a bit for the CBP64 value to "0" (104). When entropy coding unit 46 identifies at least
one non-zero coefficient ("YES" branch of 102) for the 64x65 macroblock, entropy coding unit 46 sets the CBP64 value,
e.g., sets a bit for the CBP64 value to "1" (106).
[0129] When the macroblock has all zero coefficients, entropy coding unit 46 does not need to establish any additional
CBP values for the partitions of the macroblock, which may reduce overhead. In one example, when the macroblock
has at least one non-zero coefficient, however, entropy coding unit 46 proceeds to determine CBP values for each of
the four 32x32 pixel partitions of the 64x64 pixel macroblock (108). Entropy coding unit 46 may utilize the method
described with respect to FIG. 7 four times, once for each of the four partitions, to establish four CBP32 values, each
corresponding to a different one of the four 32x32 pixel partitions of the 64x64 macroblock. In this manner, when a
macroblock has all zero coefficients, entropy coding unit 46 may transmit a single bit with a value of "0" to indicate that
the macroblock has all zero coefficients, whereas when the macroblock has at least one non-zero coefficient, entropy
coding unit 46 may transmit five bits, one bit for the macroblock and four bits, each corresponding to one of the four
partitions of the macroblock. In addition, when a partition includes at least one non-zero coefficient, residual data for the
partition may be sent in the encoded bitstream. As with the example of the CBP64 discussed above, when the first three
of the four additional bits are zero, the fourth additional bit may not be necessary, because the decoder may determine
that it has a value of one. Thus in some examples, the encoder may only send three zeros, i.e., "000," rather than three
zeros and a one, i.e., "0001."
[0130] FIG. 7 is a flowchart illustrating an example method for setting a CBP32 value of a 32x32 pixel partition of a
64x64 pixel macroblock. Initially, for the next partition level, entropy coding unit 46 receives a 32x32 pixel partition of
the macroblock (110), e.g., one of the four partitions referred to with respect to FIG. 6. Entropy coding unit 46 then
determines a CBP32 value for the 32x32 pixel partition by first determining whether the partition includes at least one
non-zero coefficient (112). When entropy coding unit 46 determines that all of the coefficients for the partition have a
value of zero ("NO" branch of 112), entropy coding unit 46 clears the CBP32 value, e.g., resets a bit for the CBP32 value
to "0" (114). When entropy coding unit 46 identifies at least one non-zero coefficient of the partition ("YES" branch of
112), entropy coding unit 46 sets the CBP32 value, e.g., sets a bit for the CBP32 value to a value of "1" (116).
[0131] In one example, when the partition has all zero coefficients, entropy coding unit 46 does not establish any
additional CBP values for the partition. When a partition includes at least one non-zero coefficient, however, entropy
coding unit 46 determines CBP values for each of the four 16x16 pixel partitions of the 32x32 pixel partition of the
macroblock. Entropy coding unit 46 may utilize the method described with respect to FIG. 8 to establish four CBP16
values each corresponding to one of the four 16x16 pixel partitions.
[0132] In this manner, when a partition has all zero coefficients, entropy coding unit 46 may set a bit with a value of
"0" to indicate that the partition has all zero coefficients, whereas when the partition has at least one non-zero coefficient,
entropy coding unit 46 may include five bits, one bit for the partition and four bits each corresponding to a different one
of the four sub-partitions of the partition of the macroblock. Hence, each additional partition level may present four
additional CBP bits when the partition in the preceding partition level had at least one nonzero transform coefficient
value. As one example, if a 64x64 macroblock has a CBP value of 1, and four 32x32 partitions have CBP values of 1,
0, 1 and 1, respectively, the overall CBP value up to that point is 11011. Additional CBP bits may be added for additional
partitions of the 32x32 partitions, e.g., into 16x16 partitions.
[0133] FIG. 8 is a flowchart illustrating an example method for setting a CBP16 value of a 16x16 pixel partition of a
32x32 pixel partition of a 64x64 pixel macroblock. For certain 16x16 pixel partitions, video encoder 50 may utilize CBP
values as prescribed by a video coding standard, such as ITU H.264, as discussed below. For other 16x16 partitions,
video encoder 50 may utilize CBP values in accordance with other techniques of this disclosure. Initially, as shown in
FIG. 8, entropy coding unit 46 receives a 16x16 partition (120), e.g., one of the 16x16 partitions of a 32x32 partition
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described with respect to FIG. 7.
[0134] Entropy coding unit 46 may then determine whether a motion partition for the 16x16 pixel partition is larger
than an 8x8 pixel block (122). In general, a motion partition describes a partition in which motion is concentrated. For
example, a 16x16 pixel partition with only one motion vector may be considered a 16x16 motion partition. Similarly, for
a 16x16 pixel partition with two 8x16 partitions, each having one motion vector, each of the two 8x16 partitions may be
considered an 8x16 motion partition. In any case, when the motion partition is not larger than an 8x8 pixel block ("NO"
branch of 122), entropy coding unit 46 assigns a CBP value to the 16x16 pixel partition in the same manner as prescribed
by ITU H.264 (124), in the example of FIG. 8.
[0135] When there exists a motion partition for the 16x16 pixel partition that is larger than an 8x8 pixel block ("YES"
branch of 122), entropy coding unit 46 constructs and sends a lumacbp16 value (125) using the steps following step
125. In the example of FIG. 8, to construct the lumacbp16 value, entropy coding unit 46 determines whether the 16x16
pixel luma component of the partition has at least one non-zero coefficient (126). When the 16x16 pixel luma component
has all zero coefficients ("NO" branch of 126), entropy coding unit 46 assigns the CBP16 value according to the Coded
Block Pattern Chroma portion of ITU H.264 (128), in the example of FIG. 8.
[0136] When entropy coding unit 46 determines that the 16x16 pixel luma component has at least one non-zero
coefficient ("YES" branch of 126), entropy coding unit 46 determines a transform-size flag for the 16x16 pixel partition
(130). The transform-size flag generally indicates a transform being used for the partition. The transform represented
by the transform-size flag may include one of a 4x4 transform, an 8x8 transform, a 16x16 transform, a 16x8 transform,
or an 8x16 transform. The transform-size flag may comprise an integer value that corresponds to an enumerated value
that identifies one of the possible transforms. Entropy coding unit 46 may then determine whether the transform-size
flag represents that the transform size is greater than or equal to 16x8 (or 8x16) (132).
[0137] When the transform-size flag does not indicate that the transform size is greater than or equal to 16x8 (or 8x16)
("NO" branch of 132), entropy coding unit 46 assigns a value to CBP16 according to ITU H.264 (134), in the example
of FIG. 8. When the transform-size flag indicates that the transform size is greater than or equal to 16x8 (or 8x16) ("YES"
branch of 132), entropy coding unit 46 then determines whether a type for the 16x16 pixel partition is either two 16x8
or two 8x16 pixel partitions (136).
[0138] When the type for the 16x16 pixel partition is not two 16x8 and not two 8x16 pixel partitions ("NO" branch of
138), entropy coding unit 46 assigns the CBP16 value according to the Chroma Coded Block Partition prescribed by
ITU H.264 (140), in the example of FIG. 8. When the type for the 16x16 pixel partition is either two 16x8 or two 8x16
pixel partitions ("YES" branch of 136), entropy coding unit 46 also uses the Chroma Coded Block Pattern prescribed by
ITU H.264, but in addition assigns the CBP16 value a two-bit luma16x8_CBP value (142), e.g., according to the method
described with respect to FIG. 9.
[0139] FIG. 9 is a flowchart illustrating an example method for determining a two-bit luma16x8_CBP value. Entropy
coding unit 46 receives a 16x16 pixel partition that is further partitioned into two 16x8 or two 8x16 pixel partitions (150).
Entropy coding unit 46 generally assigns each bit of luma16x8_CBP according to whether a corresponding sub-block
of the 16x16 pixel partition includes at least one non-zero coefficient.
[0140] Entropy coding unit 46 determines whether a first sub-block of the 16x16 pixel partition has at least one non-
zero coefficient to determine whether the first sub-block has at least one non-zero coefficient (152). When the first sub-
block has all zero coefficients ("NO" branch of 152), entropy coding unit 46 clears the first bit of luma16x8_CBP, e.g.,
assigns luma16x8_CBP[0] a value of "0" (154). When the first sub-block has at least one non-zero coefficient ("YES"
branch of 152), entropy coding unit 46 sets the first bit of luma16x8_CBP, e.g., assigns luma16x8_CBP[0] a value of
"1" (156).
[0141] Entropy coding unit 46 also determines whether a second sub-partition of the 16x16 pixel partition has at least
one non-zero coefficient (158). When the second sub-partition has all zero coefficients ("NO" branch of 158), entropy
coding unit 46 clears the second bit of luma16x8_CBP, e.g., assigns luma16x8_CBP[1] a value of "0" (160). When the
second sub-block has at least one non-zero coefficient ("YES" branch of 158), entropy coding unit 46 then sets the
second bit of luma16x8_CBP, e.g., assigns luma16x8_CBP[1] a value of "1" (162).
[0142] The following pseudocode provides one example implementation of the methods described with respect to
FIGS. 8 and 9:

       if (motion partition bigger than 8x8)
       {
          lumacbp16
          if (lumacbp16!=0)
          {
              transform_size_flag
              if (transform_size_flag ==
     TRANSFORM_SIZE_GREATER_THAN_16x8)
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              {
                 if ((mb16_type ==P_16x8) OR (mb16_type==P_8x16))
                 {
                    luma16x8_cbp
                    chroma_cbp
                }
                 else
                    chroma_cbp
             }
              else
                 h264_cbp
         } else
              chroma_cbp
      } else
          h264_cbp

[0143] In the pseudocode, "lumacbp16" corresponds to an operation of appending a one-bit flag indicating whether
an entire 16x16 luma block has nonzero coefficients or not. When "lumacbp16" equals one, there is at least one nonzero
coefficient. The function "Transform_size_flag" refers to a calculation performed having a result that indicates the trans-
form being used, e.g., one of a 4x4 transform, 8x8 transform, 16x16 transform (for motion partition equal to or bigger
than 16x16), 16x8 transform (for P_16x8), or 8x16 transform (for P_8x16). TRANSFORM_SIZE_GREATER_THAN_16x8
is an enumerated value (e.g., "2") that is used to indicate that a transform size is greater than or equal to 16x8 or 8x16.
The result of the transform_size_flag is incorporated into the syntax information of the 64x64 pixel macroblock.
[0144] "Luma16x8_cbp" refers to a calculation that produces a two-bit number with each bit indicating whether one
of the two partitions of P_16x8 or P_8x16 has nonzero coefficients or not. The two-bit number resulting from luma16x8_cbp
is incorporated into the syntax of the 64x64 pixel macroblock. The value "chroma cbp" may be calculated in the same
manner as the CodedBlockPatternChroma as prescribed by ITU H.264. The calculated chroma_cbp value is incorporated
into the syntax information of the 64x64 pixel macroblock. The function h264_cbp may be calculated in the same way
as the CBP defined in ITU H.264. The calculated H264_cbp value is incorporated into the syntax information of the
64x64 pixel macroblock.
[0145] In general, a method according to FIGS. 6-9 may include encoding, with a video encoder, a video block having
a size of more than 16x16 pixels, generating block-type syntax information that indicates the size of the block, and
generating a coded block pattern value for the encoded block, wherein the coded block pattern value indicates whether
the encoded block includes at least one non-zero coefficient.
[0146] FIG. 10 is a block diagram illustrating an example arrangement of a 64x64 pixel macroblock. The macroblock
of FIG. 10 comprises four 32x32 partitions, labeled A, B, C, and D in FIG. 10. As discussed with respect to FIG. 4A, in
one example, a block may be partitioned in any one of four ways: the entire block (64x64) with no sub-partitions, two
equal-sized horizontal partitions (32x64 and 32x64), two equal-sized vertical partitions (64x32 and 64x32), or four equal-
sized square partitions (32x32, 32x32, 32x32 and 32x32).
[0147] In the example of FIG. 10, the whole block partition comprises each of blocks A, B, C, and D; a first one of the
two equal-sized horizontal partitions comprises A and B, while a second one of the two equal-sized horizontal partitions
comprises C and D; a first one of the two equal-sized vertical partitions comprises A and C, while a second one of the
two equal-sized vertical partitions comprises B and D; and the four equal-sized square partitions correspond to one of
each of A, B, C, and D. Similar partition schemes can be used for any size block, e.g., larger than 64x64 pixels, 32x32
pixels, 16x16 pixels, 8x8 pixels, or other sizes of video blocks.
[0148] When a video block is intra-coded, various methods may be used for partitioning the video block. Moreover,
each of the partitions may be intra-coded differently, i.e., with a different mode, such as different intra-modes. For
example, a 32x32 partition, such as partition A of FIG. 10, may be further partitioned into four equal-sized blocks of size
16x16 pixels. As one example, ITU H.264 describes three different methods for intra-encoding a 16x16 macroblock,
including intra-coding at the 16x16 level, intra-coding at the 8x8 level, and intra-coding at the 4x4 level. However, ITU
H.264 prescribes encoding each partition of a 16x16 macroblock using the same intra-coding mode. Therefore, according
to ITU H.264, if one sub-block of a 16x16 macroblock is to be intra-coded at the 4x4 level, every sub-block of the 16x16
macroblock must be intra-coded at the 4x4 level.
[0149] An encoder configured according to the techniques of this disclosure, on the other hand, may apply a mixed
mode approach. For intra-coding, for example, a large macroblock may have various partitions encoded with different
coding modes. As an illustration, in a 32x32 partition, one 16x16 partition may be intra-coded at the 4x4 pixel level, while
other 16x16 partitions may be intra-coded at the 8x8 pixel level, and one 16x16 partition may be intra-coded at the 16x16
level, e.g., as shown in FIG. 4B.
[0150] When a video block is to be partitioned into four equal-sized sub-blocks for intra-coding, the first block to be
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intra-coded may be the upper-left block, followed by the block immediately to the right of the first block, followed by the
block immediately beneath the first block, and finally followed by the block beneath and to the right of the first block.
With reference to the example block of FIG. 10, the order of intra-coding would proceed from A to B to C and finally to
D. Although FIG. 10 depicts a 64x64 pixel macroblock, intra-coding of a partitioned block of a different size may follow
this same ordering.
[0151] When a video block is to be inter-coded as part of a P-frame or P-slice, the block may be partitioned into any
of the four above-described partitions, each of which may be separately encoded. That is, each partition of the block
may be encoded according to a different encoding mode, either intra-encoded (I-coded) or inter-encoded with reference
to a single reference frame/slice/list (P-coded). Table 1, below, summarizes inter-encoding information for each potential
partition of a block of size NxN. Where Table 1 refers to "M," M = N/2. In Table 1 below, L0 refers to "list 0," i.e., the
reference frame/slice/list. When deciding how to best partition the NxN block, an encoder, such as video encoder 50,
may analyze rate-distortion cost information for each MB_N_type (i.e., each type of partition) based on a Lagrange
multiplier, as discussed in greater detail with respect to FIG. 11, selecting the lowest cost as the best partition method.

[0152] In Table 1 above, elements of the column "MB_N_type" are keys for each type of partition of an NxN block.
Elements of the column "Name of MB_N_type" are names of different partitioning types of an NxN block. "P" in the name
refers to the block being inter-coded using P-coding, i.e., with reference to a single frame/slice/list. "L0" in the name
refers to the reference frame/slice/list, e.g., "list 0," used as reference frames or slices for P coding. "NxN" refers to the
partition being the whole block, "NxM" refers to the partition being two partitions of width N and height M, "MxN" refers
to the partition being two partitions of width M and height N, "MxM" refers to the partition being four equal-sized partitions
each with width M and height M.
[0153] In Table 1, PN_Skip implies that the block was "skipped," e.g., because the block resulting from coding had all
zero coefficients. Elements of the column "Prediction Mode part 1" refer to the reference frame/slice/list for sub-partition
1 of the partition, while elements of the column "Prediction Mode part 2" refer to the reference frame/slice/list for sub-
partition 2 of the partition. Because P_L0_NxN has only a single partition, the corresponding element of "Prediction
Mode part 2" is "N/A," as there is no second sub-partition. For PN_MxM, there exist four partition blocks that may be
separately encoded. Therefore, both prediction mode columns for PN_MxM include "N/A." PN_Skip, as with P_L0_NxN,
has only a single part, so the corresponding element of column "Prediction Mode part 2" is "N/A."
[0154] Table 2, below, includes similar columns and elements to those of Table 1. However, Table 2 corresponds to
various encoding modes for an inter-coded block using bi-directional prediction (B-encoded). Therefore, each partition
may be encoded by either or both of a first frame/slice/list (L0) and a second frame/slice/list (L1). "BiPred" refers to the
corresponding partition being predicted from both L0 and L1. In Table 2, column labels and values are similar in meaning
to those used in Table 1.

TABLE 1

MB_N_type
Name of MB_N_

type
# of 
parts

Prediction Mode 
part 1

Prediction Mode 
part 2

Part 
width

Part 
height

0 P_L0_NxN 1 Pred_L0 N/A N N

1 P_L0_L0_NxM 2 Pred_L0 Pred_L0 N M

2 P_L0_L0_MxN 2 Pred_L0 Pred_L0 M N

3 PN_MxM 4 N/A N/A M M

inferred PN_Skip 1 Pred_L0 N/A N N

TABLE 2

MB_N_type Name of MB_N_
type

# of 
parts

Prediction Mode 
part 1

Prediction Mode 
part 2

Part 
width

Part 
height

0 B_Direct_NxN Na Direct na N N

1 B_L0_NxN 1 Pred_L0 na N N

2 B_L1_NxN 1 Pred_L1 na N N

3 B_Bi_NxN 1 BiPred na N N

4 B_L0_L0_NxM 2 Pred_L0 Pred_L0 N M
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[0155] FIG. 11 is a flowchart illustrating an example method for calculating optimal partitioning and encoding methods
for an NxN pixel video block. In general, the method of FIG. 11 comprises calculating the cost for each different encoding
method (e.g., various spatial or temporal modes) as applied to each different partitioning method shown in, e.g., FIG.
4A, and selecting the combination of encoding mode and partitioning method with the best rate-distortion cost for the
NxN pixel video block. Cost can be generally calculated using a Lagrange multiplier with rate and distortion values, such
that the rate-distortion cost = distortion + λ ∗ rate, where distortion represents error between an original block and a
coded block and rate represents the bit rate necessary to support the coding mode. In some cases, rate and distortion
may be determined on a macroblock, partition, slice or frame level.
[0156] Initially, video encoder 50 receives an NxN video block to be encoded (170). For example, video encoder 50
may receive a 64x64 large macroblock or a partition thereof, such as, for example, a 32x32 or 16x16 partition, for which
video encoder 50 is to select an encoding and partitioning method. Video encoder 50 then calculates the cost to encode
the NxN block (172) using a variety of different coding modes, such as different intra- and inter-coding modes. To
calculate the cost to spatially encode the NxN block, video encoder 50 may calculate the distortion and the bitrate needed
to encode the NxN block with a given coding mode, and then calculate cost = distortion(Mode,NxN) + λ ∗ rate(Mode,NxN).
Video encoder 50 may encode the macroblock using the specified coding technique and determine the resulting bit rate
cost and distortion. The distortion may be determined based on a pixel difference between the pixels in the coded
macroblock and the pixels in the original macroblock, e.g., based on a sum of absolute difference (SAD) metric, sum of
square difference (SSD) metric, or other pixel difference metric.
[0157] Video encoder 50 may then partition the NxN block into two equally-sized nonoverlapping horizontal Nx(N/2)
partitions. Video encoder 50 may calculate the cost to encode each of the partitions using various coding modes (176).
For example, to calculate the cost to encode the first Nx(N/2) partition, video encoder 50 may calculate the distortion
and the bitrate to encode the first Nx(N/2) partition, and then calculate cost = distortion(Mode, FIRST PARTITION, Nx(N/2)) +
λ ∗ rate(Mode,FIRST PARTITION, Nx(N/2)).
[0158] Video encoder 50 may then partition the NxN block into two equally-sized nonoverlapping vertical (N/2)xN
partitions. Video encoder 50 may calculate the cost to encode each of the partitions using various coding modes (178).

(continued)

MB_N_type
Name of MB_N_

type
# of 
parts

Prediction Mode 
part 1

Prediction Mode 
part 2

Part 
width

Part 
height

5 B_L0_L0_MxN 2 Pred_L0 Pred_L0 M N

6 B_L1_L1_NxM 2 Pred_L 1 Pred_L1 N M

7 B_L1_L1_MxN 2 Pred_L1 Pred_L1 M N

8 B_L0_L1_NxM 2 Pred_L0 Pred_L1 N M

9 B_L0_L1_MxN 2 Pred_L0 Pred_L1 M N

10 B_L1_L0_NxM 2 Pred_L1 Pred_L0 N M

11 B_L1_L0_MxN 2 Pred_L1 Pred_L0 M N

12 B_L0_Bi_NxM 2 Pred_L0 BiPred N M

13 B_L0_Bi_MxN 2 Pred_L0 BiPred M N

14 B_L1_Bi_NxM 2 Pred_L1 BiPred N M

15 B_L1_Bi_MxN 2 Pred_L1 BiPred M N

16 B_Bi_L0_NxM 2 BiPred Pred_L0 N M

17 B_Bi_L0_MxN 2 BiPred Pred_L0 M N

18 B_Bi_L1_NxM 2 BiPred Pred_L1 N M

19 B_Bi_L1_MxN 2 BiPred Pred_L1 M N

20 B_Bi_Bi_NxM 2 BiPred BiPred N M

21 B_Bi_Bi_MxN 2 BiPred BiPred M N

22 BN_MxM 4 na na M M

inferred BN_Skip Na Direct na M M
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For example, to calculate the cost to encode the first one of the (N/2)xN partitions, video encoder 50 may calculate the
distortion and the bitrate to encode the first (N/2)xN partition, and then calculate cost =
distortion(Mode,FIRST PARTITION, (N/2)xN) + λ ∗ rate(Mode,FIRST PARTITION, (N/2)xN). Video encoder 50 may perform a similar
calculation for the cost to encode the second one of the (N/2)xN macroblock partitions.
[0159] Video encoder 50 may then partition the NxN block into four equally-sized nonoverlapping (N/2)x(N/2) partitions.
Video encoder 50 may calculate the cost to encode the partitions using various coding modes (180). To calculate the
cost to encode the (N/2)x(N/2) partitions, video encoder 50 may first calculate the distortion and the bitrate to encode
the upper-left (N/2)x(N/2) partition and find the cost thereof as cost(Mode, UPPER-LEFT, (N/2)x(N/2)) =
distortion(Mode,UPPER-LEFT, (N/2)x(N/2)) + λ ∗ rate(Mode, UPPER-LEFT, (N/2)x(N/2)). Video encoder 50 may similarly calculate the
cost of each (N/2)x(N/2) block in the order: (1) upper-left partition, (2) upper-right partition, (3) bottom-left partition, (4)
bottom-right partition. Video encoder 50 may, in some examples, make recursive calls to this method on one or more
of the (N/2)x(N/2) partitions to calculate the cost of partitioning and separately encoding each of the (N/2)x(N/2) partitions
further, e.g., as (N/2)x(N/4) partitions, (N/4)x(N/2) partitions, and (N/4)x(N/4) partitions.
[0160] Next, video encoder 50 may determine which combination of partitioning and encoding mode produced the
best, i.e., lowest, cost in terms of rate and distortion (182). For example, video encoder 50 may compare the best cost
of encoding two adjacent (N/2)x(N/2) partitions to the best cost of encoding the Nx(N/2) partition comprising the two
adjacent (N/2)x(N/2) partitions. When the aggregate cost of encoding the two adjacent (N/2)x(N/2) partitions exceeds
the cost to encode the Nx(N/2) partition comprising them, video encoder 50 may select the lower-cost option of encoding
the Nx(N/2) partition. In general, video encoder 50 may apply every combination of partitioning method and encoding
mode for each partition to identify a lowest cost partitioning and encoding method. In some cases, video encoder 50
may be configured to evaluate a more limited set of partitioning and encoding mode combinations.
[0161] Upon determining the best, e.g., lowest cost, partitioning and encoding methods, video encoder 50 may encode
the NxN macroblock using the best-cost determined method (184). In some cases, the result may be a large macroblock
having partitions that are coded using different coding modes. The ability to apply mixed mode coding to a large mac-
roblock, such that different coding modes are applied to different partitions in the large macroblock, may permit the
macroblock to be coded with reduced cost.
[0162] In some examples, method for coding with mixed modes may include receiving, with video encoder 50, a video
block having a size of more than 16x16 pixels, partitioning the block into partitions, encoding one of the partitions with
a first encoding mode, encoding another of the partitions with a second coding mode different from the first encoding
mode, and generating block-type syntax information that indicates the size of the block and identifies the partitions and
the encoding modes used to encode the partitions.
[0163] FIG. 12 is a block diagram illustrating an example 64x64 pixel large macroblock with various partitions and
different selected encoding methods for each partition. In the example of FIG. 12, each partition is labeled with one of
an "I," "P," or "B." Partitions labeled "I" are partitions for which an encoder has elected to utilize intra-coding, e.g., based
on rate-distortion evaluation. Partitions labeled "P" are partitions for which the encoder has elected to utilize single-
reference inter-coding, e.g., based on rate-distortion evaluation. Partitions labeled "B" are partitions for which the encoder
has elected to utilize bi-predicted inter-coding, e.g., based on rate-distortion evaluation. In the example of FIG. 12,
different partitions within the same large macroblock have different coding modes, including different partition or sub-
partition sizes and different intra- or inter-coding modes.
[0164] The large macroblock is a macroblock identified by a macroblock syntax element that identifies the macroblock
type, e.g., mb64_type or mb32_type, for a given coding standard such as an extension of the H.264 coding standard.
The macroblock type syntax element may be provided as a macroblock header syntax element in the encoded video
bitstream. The I-, P- and B-coded partitions illustrated in FIG. 12 may be coded according to different coding modes,
e.g., intra- or inter-prediction modes with various block sizes, including large block size modes for large partitions greater
than 16x16 in size or H.264 modes for partitions that are less than or equal to 16x16 in size.
[0165] In one example, an encoder, such as video encoder 50, may use the example method described with respect
to FIG. 11 to select various encoding modes and partition sizes for different partitions and sub-partitions of the example
large macroblock of FIG. 12. For example, video encoder 50 may receive a 64x64 macroblock, execute the method of
FIG. 11, and produce the example macroblock of FIG. 12 with various partition sizes and coding modes as a result. It
should be understood, however, that selections for partitioning and encoding modes may result from application of the
method of FIG. 11, e.g., based on the type of frame from which the macroblock was selected and based on the input
macroblock upon which the method is executed. For example, when the frame comprises an I-frame, each partition will
be intra-encoded. As another example, when the frame comprises a P-frame, each partition may either be intra-encoded
or inter-coded based on a single reference frame (i.e., without bi-prediction).
[0166] The example macroblock of FIG. 12 is assumed to have been selected from a bi-predicted frame (B-frame) for
purposes of illustration. In other examples, where a macroblock is selected from a P-frame, video encoder 50 would not
encode a partition using bi-directional prediction. Likewise, where a macroblock is selected from an I-frame, video
encoder 50 would not encode a partition using inter-coding, either P-encoding or B-encoding. However, in any case,
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video encoder 50 may select various partition sizes for different portions of the macroblock and elect to encode each
partition using any available encoding mode.
[0167] In the example of FIG. 12, it is assumed that a combination of partition and mode selection based on rate-
distortion analysis has resulted in one 32x32 B-coded partition, one 32x32 P-coded partition, on 16x32 I-coded partition,
one 32x16 B-coded partition, one 16x16 P-coded partition, one 16x8 P-coded partition, one 8x16 P-coded partition, one
8x8 P-coded partition, one 8x8 B-coded partition, one 8x8 I-coded partition, and numerous smaller sub-partitions having
various coding modes. The example of FIG. 12 is provided for purposes of conceptual illustration of mixed mode coding
of partitions in a large macroblock, and should not necessarily be considered representative of actual coding results for
a particular large 64x64 macroblock.
[0168] FIG. 13 is a flowchart illustrating an example method for determining an optimal size of a macroblock for
encoding a frame or slice of a video sequence. Although described with respect to selecting an optimal size of a macroblock
for a frame, a method similar to that described with respect to FIG. 13 may be used to select an optimal size of a
macroblock for a slice. Likewise, although the method of FIG. 13 is described with respect to video encoder 50, it should
be understood that any encoder may utilize the example method of FIG. 13 to determine an optimal (e.g., least cost)
size of a macroblock for encoding a frame of a video sequence. In general, the method of FIG. 13 comprises performing
an encoding pass three times, once for each of a 16x16 macroblock, a 32x32 macroblock, and a 64x64 macroblock,
and a video encoder may calculate rate-distortion metrics for each pass to determine which macroblock size provides
the best rate-distortion.
[0169] Video encoder 50 may first encode a frame using 16x16 pixel macroblocks during a first encoding pass (190),
e.g., using a function encode (frame, MB16_type), to produce an encoded frame F16. After the first encoding pass, video
encoder 50 may calculate the bit rate and distortion based on the use of 16x16 pixel macroblocks as R16 and D16,
respectively (192). Video encoder 50 may then calculate a rate-distortion metric in the form of the cost of using 16x16
pixel macroblocks C16 using the Lagrange multiplier C16 = D16 + λ∗R16 (194). Coding modes and partition sizes may be
selected for the 16x16 pixel macroblocks, for example, according to the H.264 standard.
[0170] Video encoder 50 may then encode the frame using 32x32 pixel macroblocks during a second encoding pass
(196), e.g., using a function encode (frame, MB32_type), to produce an encoded frame F32. After the second encoding
pass, video encoder 50 may calculate the bit rate and distortion based on the use of 32x32 pixel macroblocks as R32
and D32, respectively (198). Video encoder 50 may then calculate a rate-distortion metric in the form the cost of using
32x32 pixel macroblocks C32 using the Lagrange multiplier C32 = D32 + λ∗R32 (200). Coding modes and partition sizes
may be selected for the 32x32 pixel macroblocks, for example, using rate and distortion evaluation techniques as
described with reference to FIGS. 11 and 12.
[0171] Video encoder 50 may then encode the frame using 64x64 pixel macroblocks during a third encoding pass
(202), e.g., using a function encode(frame, MB64_type), to produce an encoded frame F64. After the third encoding
pass, video encoder 50 may calculate the bit rate and distortion based on the use of 64x64 pixel macroblocks as R64
and D64, respectively (204). Video encoder 50 may then calculate a rate-distortion metric in the form the cost of using
64x64 pixel macroblocks C64 using the Lagrange multiplier C64 = D64 + λ∗R64 (206). Coding modes and partition sizes
may be selected for the 64x64 pixel macroblocks, for example, using rate and distortion evaluation techniques as
described with reference to FIGS. 11 and 12.
[0172] Next, video encoder 50 may determine which of the metrics C16, C32, and C64 is lowest for the frame (208).
Video encoder 50 may elect to use the frame encoded with the macroblock size that resulted in the lowest cost (210).
Thus, for example, when C16 is lowest, video encoder 50 may forward frame F16, encoded with the 16x16 macroblocks
as the encoded frame in a bitstream for storage or transmission to a decoder. When C32 is lowest, video encoder 50
may forward F32, encoded with the 32x32 macroblocks. When C64 is lowest, video encoder 50 may forward F64, encoded
with the 64x64 macroblocks.
[0173] In other examples, video encoder 50 may perform the encoding passes in any order. For example, video
encoder 50 may begin with the 64x64 macroblock encoding pass, perform the 32x32 macroblock encoding pass second,
and end with the 16x16 macroblock encoding pass. Also, similar methods may be used for encoding other coded units
comprising a plurality of macroblocks, such as slices with different sizes of macroblocks. For example, video encoder
50 may apply a method similar to that of FIG. 13 for selecting an optimal macroblock size for encoding slices of a frame,
rather than the entire frame.
[0174] Video encoder 50 may also transmit an identifier of the size of the macroblocks for a particular coded unit (e.g.,
a frame or a slice) in the header of the coded unit for use by a decoder. In accordance with the method of FIG. 13, a
method may include receiving, with a digital video encoder, a coded unit of a digital video stream, calculating a first rate-
distortion metric corresponding to a rate-distortion for encoding the coded unit using a first plurality of blocks each
comprising 16x16 pixels, calculating a second rate-distortion metric corresponding to a rate-distortion for encoding the
coded unit using a second plurality of blocks each comprising greater than 16x16 pixels, and determining which of the
first rate-distortion metric and the second rate-distortion metric is lowest for the coded unit. The method may further
include, when the first rate-distortion metric is determined to be lowest, encoding the coded unit using the first plurality
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of blocks, and when the second rate-distortion metric is determined to be lowest, encoding the coded unit using the
second plurality of blocks.
[0175] FIG. 14 is a block diagram illustrating an example wireless communication device 230 including a video en-
coder/decoder CODEC 234 that may encode and/or decode digital video data using the larger-than-standard macrob-
locks, using any of a variety of the techniques described in this disclosure. In the example of FIG. 14, wireless commu-
nication device 230 includes video camera 232, video encoder-decoder (CODEC) 234, modulator/demodulator (modem)
236, transceiver 238, processor 240, user interface 242, memory 244, data storage device 246, antenna 248, and bus 250.
[0176] The components included in wireless communication device 230 illustrated in FIG. 14 may be realized by any
suitable combination of hardware, software and/or firmware. In the illustrated example, the components are depicted as
separate units. However, in other examples, the various components may be integrated into combined units within
common hardware and/or software. As one example, memory 244 may store instructions executable by processor 240
corresponding to various functions of video CODEC 234. As another example, video camera 232 may include a video
CODEC that performs the functions of video CODEC 234, e.g., encoding and/or decoding video data.
[0177] In one example, video camera 232 may correspond to video source 18 (FIG. 1). In general, video camera 232
may record video data captured by an array of sensors to generate digital video data. Video camera 232 may send raw,
recorded digital video data to video CODEC 234 for encoding and then to data storage device 246 via bus 250 for data
storage. Processor 240 may send signals to video camera 232 via bus 250 regarding a mode in which to record video,
a frame rate at which to record video, a time at which to end recording or to change frame rate modes, a time at which
to send video data to video CODEC 234, or signals indicating other modes or parameters.
[0178] User interface 242 may comprise one or more interfaces, such as input and output interfaces. For example,
user interface 242 may include a touch screen, a keypad, buttons, a screen that may act as a viewfinder, a microphone,
a speaker, or other interfaces. As video camera 232 receives video data, processor 240 may signal video camera 232
to send the video data to user interface 242 to be displayed on the viewfinder.
[0179] Video CODEC 234 may encode video data from video camera 232 and decode video data received via antenna
248, transceiver 238, and modem 236. Video CODEC 234 additionally or alternatively may decode previously encoded
data received from data storage device 246 for playback. Video CODEC 234 may encode and/or decode digital video
data using macroblocks that are larger than the size of macroblocks prescribed by conventional video encoding standards.
For example, video CODEC 234 may encode and/or decode digital video data using a large macroblock comprising
64x64 pixels or 32x32 pixels. The large macroblock may be identified with a macroblock type syntax element according
to a video standard, such as an extension of the H.264 standard.
[0180] Video CODEC 234 may perform the functions of either or both of video encoder 50 (FIG. 2) and/or video decoder
60 (FIG. 3), as well as any other encoding/decoding functions or techniques as described in this disclosure. For example,
CODEC 234 may partition a large macroblock into a variety of differently sized, smaller partitions, and use different
coding modes, e.g., spatial (I) or temporal (P or B), for selected partitions. Selection of partition sizes and coding modes
may be based on rate-distortion results for such partition sizes and coding modes. CODEC 234 also may utilize hierar-
chical coded block pattern (CBP) values to identify coded macroblocks and partitions having non-zero coefficients within
a large macroblock. In addition, in some examples, CODEC 234 may compare rate-distortion metrics for large and small
macroblocks to select a macroblock size producing more favorable results for a frame, slice or other coding unit.
[0181] A user may interact with user interface 242 to transmit a recorded video sequence in data storage device 246
to another device, such as another wireless communication device, via modem 236, transceiver 238, and antenna 248.
The video sequence may be encoded according to an encoding standard, such as MPEG-2, MPEG-3, MPEG-4, H.263,
H.264, or other video encoding standards, subject to extensions or modifications described in this disclosure. For example,
the video sequence may also be encoded using larger-than-standard macroblocks, as described in this disclosure.
Wireless communication device 230 may also receive an encoded video segment and store the received video sequence
in data storage device 246.
[0182] Macroblocks of the received, encoded video sequence may be larger than macroblocks specified by conven-
tional video encoding standards. To display an encoded video segment in data storage device 246, such as a recorded
video sequence or a received video segment, video CODEC 234 may decode the video sequence and send decoded
frames of the video segment to user interface 242. When a video sequence includes audio data, video CODEC 234
may decode the audio, or wireless communication device 230 may further include an audio codec (not shown) to decode
the audio. In this manner, video CODEC 234 may perform both the functions of an encoder and of a decoder.
[0183] Memory 244 of wireless communication device 230 of FIG. 14 may be encoded with computer-readable in-
structions that cause processor 240 and/or video CODEC 234 to perform various tasks, in addition to storing encoded
video data. Such instructions may be loaded into memory 244 from a data storage device such as data storage device
246. For example, the instructions may cause processor 240 to perform the functions described with respect to video
CODEC 234.
[0184] FIG. 15 is a block diagram illustrating an example hierarchical coded block pattern (CBP) 260. The example
of CBP 260 generally corresponds to a portion of the syntax information for a 64x64 pixel macroblock. In the example
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of FIG. 15, CBP 260 comprises a CBP64 value 262, four CBP32 values 264, 266, 268, 270, and four CBP16 values
272, 274, 276, 278. Each block of CBP 260 may include one or more bits. In one example, when CBP64 value 262 is
a bit with a value of "1," indicating that there is at least one non-zero coefficient in the large macroblock, CBP 260 includes
the four CBP32 values 264, 266, 268, 270 for four 32x32 partitions of the large 64x64 macroblock, as shown in the
example of FIG. 15.
[0185] In another example, when CBP64 value 262 is a bit with a value of "0," CBP 260 may consist only of CBP64,
as a value of "0" may indicate that the block corresponding to CBP 260 has all zero-valued coefficients. Hence, all
partitions of that block likewise will contain all zero-valued coefficients. In one example, when a CBP64 is a bit with a
value of "1," and one of the CBP32 values for a particular 32x32 partition is a bit with a value of "1," the CBP32 value
for the 32x32 partition has four branches, representative of CBP16 values, e.g., as shown with respect to CBP32 value
266. In one example, when a CBP32 value is a bit with a value of "0," the CBP32 does not have any branches. In the
example of FIG. 15, CBP 260 may have a five-bit prefix of "10100," indicating that the CBP64 value is "1," and that one
of the 32x32 partitions has a CBP32 value of "1," with subsequent bits corresponding to the four CBP16 values 272,
274, 276, 278 corresponding to 16x16 partitions of the 32x32 partition with the CBP 32 value of "1." Although only a
single CBP32 value is shown as having a value of "1" in the example of FIG. 15, in other examples, two, three or all four
32x32 partitions may have CBP32 values of "1," in which case multiple instances of four 16x16 partitions with corre-
sponding CBP16 values would be required.
[0186] In the example of FIG. 15, the four CBP16 values 272, 274, 276, 278 for the four 16x16 partitions may be
calculated according to various methods, e.g., according to the methods of FIGS. 8 and 9. Any or all of CBP16 values
272, 274, 276, 278 may include a "lumacbp16" value, a transform_size_flag, and/or a luma16x8_cbp. CBP16 values
272, 274, 276, 278 may also be calculated according to a CBP value as defined in ITU H.264 or as a CodedBlockPat-
ternChroma in ITU H.264, as discussed with respect to FIGS. 8 and 9. In the example of FIG. 15, assuming that CBP16
278 has a value of "1," and the other CBP 16 values 272, 274, 276 have values of "0," the nine-bit CBP value for the
64x64 macroblock would be "101000001," where each bit corresponds to one of the partitions at a respective level in
the CBP/partition hierarchy.
[0187] FIG. 16 is a block diagram illustrating an example tree structure 280 corresponding to CBP 260 (FIG. 15).
CBP64 node 282 corresponds to CBP64 value 262, CBP32 nodes 284, 286, 288, 290 each correspond to respective
ones of CBP32 values 264, 266, 268, 270, and CBP16 nodes 292, 294, 296, 298 each correspond to respective ones
of CBP16 values 272, 274, 276, 278. In this manner, a coded block pattern value as defined in this disclosure may
correspond to a hierarchical CBP. Each node yielding another branch in the tree corresponds to a respective CBP value
of "1." In the examples of FIGS. 15 and 16, CBP64 282 and CBP32 286 both have values of "1," and yield further
partitions with possible CBP values of "1," i.e., where at least one partition at the next partition level includes at least
one non-zero transform coefficient value.
[0188] FIG. 17 is a flowchart illustrating an example method for using syntax information of a coded unit to indicate
and select block-based syntax encoders and decoders for video blocks of the coded unit. In general, steps 300 to 310
of FIG. 17 may be performed by a video encoder, such as video encoder 20 (FIG. 1), in addition to and in conjunction
with encoding a plurality of video blocks for a coded unit. A coded unit may comprise a video frame, a slice, or a group
of pictures (also referred to as a "sequence"). Steps 312 to 316 of FIG. 17 may be performed by a video decoder, such
as video decoder 30 (FIG. 1), in addition to and in conjunction with decoding the plurality of video blocks of the coded unit.
[0189] Initially, video encoder 20 may receive a set of various-sized blocks for a coded unit, such as a frame, slice,
or group of pictures (300). In accordance with the techniques of this disclosure, one or more of the blocks may comprise
greater than 16x16 pixels, e.g., 32x32 pixels, 64x64 pixels, etc. However, the blocks need not each include the same
number of pixels. In general, video encoder 20 may encode each of the blocks using the same block-based syntax. For
example, video encoder 20 may encode each of the blocks using a hierarchical coded block pattern, as described above.
[0190] Video encoder 20 may select the block-based syntax to use based on a largest block, i.e., maximum block
size, in the set of blocks for the coded unit. The maximum block size may correspond to the size of a largest macroblock
included in the coded unit. Accordingly, video encoder 20 may determine the largest sized block in the set (302). In the
example of FIG. 17, video encoder 20 may also determine the smallest sized block in the set (304). As discussed above,
the hierarchical coded block pattern of a block has a length that corresponds to whether partitions of the block have a
non-zero, quantized coefficient. In some examples, video encoder 20 may include a minimum size value in syntax
information for a coded unit. In some examples, the minimum size value indicates the minimum partition size in the
coded unit. The minimum partition size, e.g., the smallest block in a coded unit, in this manner may be used to determine
a maximum length for the hierarchical coded block pattern.
[0191] Video encoder 20 may then encode each block of the set for the coded unit according to the syntax corresponding
to the largest block (306). For example, assuming that the largest block comprises a 64x64 pixel block, video encoder
20 may use syntax such as that defined above for MB64_type. As another example, assuming that the largest block
comprises a 32x32 pixel block, video encoder 20 may use the syntax such as that defined above for MB32_type.
[0192] Video encoder 20 also generates coded unit syntax information, which includes values corresponding to the
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largest block in the coded unit and the smallest block in the coded unit (308). Video encoder 20 may then transmit the
coded unit, including the syntax information for the coded unit and each of the blocks of the coded unit, to video decoder 30.
[0193] Video decoder 30 may receive the coded unit and the syntax information for the coded unit from video encoder
20 (312). Video decoder 30 may select a block-based syntax decoder based on the indication in the coded unit syntax
information of the largest block in the coded unit (314). For example, assuming that the coded unit syntax information
indicated that the largest block in the coded unit comprised 64x64 pixels, video decoder 30 may select a syntax decoder
for MB64_type blocks. Video decoder 30 may then apply the selected syntax decoder to blocks of the coded unit to
decode the blocks of the coded unit (316). Video decoder 30 may also determine when a block does not have further
separately encoded sub-partitions based on the indication in the coded unit syntax information of the smallest encoded
partition. For example, if the largest block is 64x64 pixels and the smallest block is also 64x64 pixels, then it can be
determined that the 64x64 blocks are not divided into sub-partitions smaller than the 64x64 size. As another example,
if the largest block is 64x64 pixels and the smallest block is 32x32 pixels, then it can be determined that the 64x64 blocks
are divided into sub-partitions no smaller than 32x32.
[0194] In this manner, video decoder 30 may remain backwards-compatible with existing coding standards, such as
H.264. For example, when the largest block in a coded unit comprises 16x16 pixels, video encoder 20 may indicate this
in the coded unit syntax information, and video decoder 30 may apply standard H.264 block-based syntax decoders.
However, when the largest block in a coded unit comprises more than 16x16 pixels, video encoder 20 may indicate this
in the coded unit syntax information, and video decoder 30 may selectively apply a block-based syntax decoder in
accordance with the techniques of this disclosure to decode the blocks of the coded unit.
[0195] In one or more examples, the functions described may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the functions may be stored on or transmitted over as one or more
instructions or code on a computer-readable medium. Computer-readable media includes both computer storage media
and communication media including any medium that facilitates transfer of a computer program from one place to
another. A storage media may be any available media that can be accessed by a computer. By way of example, and
not limitation, such computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a computer. Also, any connection
is properly termed a computer-readable medium. For example, if the software is transmitted from a website, server, or
other remote source using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wireless technologies such as infrared, radio, and microwave are included in the definition of medium. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and blu-ray
disc where disks usually reproduce data magnetically, while discs reproduce data optically with lasers. Combinations
of the above should also be included within the scope of computer-readable media.

Claims

1. An apparatus (20, 50) comprising:

means for receiving a square video block having a size of NxN pixels of more than 16x16 pixels, where N is an
integer multiple of 16;
means for partitioning the video block into partitions using hierarchical partitioning with one or more levels,
wherein, at each hierarchical partitioning level, square partitions can be further partitioned into two equally sized
rectangular partitions or into four square partitions, wherein some of the partitions are differently sized;
means for encoding one of the partitions using a first encoding mode, wherein the first encoding mode comprises
intra-prediction encoding mode, I-mode, and wherein encoding the partition using the first encoding mode
comprises predicting the partition from one or more neighboring pixels according to the I-mode;
means for encoding another of the partitions using a second encoding mode, wherein the second encoding
mode comprises one of P-mode and B-mode, and wherein the second encoding mode is different from the first
encoding mode; and
means for generating block-type syntax information for the video block that indicates the size of the video block
and identifies the partitions of the video block and the encoding modes used to encode the partitions.

2. The apparatus of claim 1, further comprising means for generating an encoded video bitstream comprising coded
data for the video block and the block-type syntax information.

3. The apparatus of claim 1, further comprising means for selecting the encoding modes used to encode the partitions
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based on an encoding cost analysis.

4. The apparatus of claim 3, further comprising means for selecting the partitioning of the video block based on the
encoding cost analysis, wherein the encoding cost analysis includes an analysis of bit rate and distortion for intra-
and inter-encoding of the partitions.

5. The apparatus of claim 1, wherein the video block has a size of at least 64x64 pixels.

6. The apparatus of claim 1, wherein the means are embodied in a video encoder.

7. A method comprising:

receiving, with a video encoder, a square video block having a size of NxN pixels of more than 16x16 pixels,
where N is an integer multiple of 16;
partitioning the video block into partitions using hierarchical partitioning with one or more levels, wherein, at
each hierarchical partitioning level, square partitions can be further partitioned into two equally sized rectangular
partitions or into four square partitions, wherein some of the partitions are differently sized;
encoding one of the partitions using a first encoding mode, wherein the first encoding mode comprises intra-
prediction encoding mode, I-mode, and wherein encoding the partition using the first encoding mode comprises
predicting the partition from one or more neighboring pixels according to the I-mode;
encoding another of the partitions using a second encoding mode, wherein the second encoding mode comprises
one of P-mode and B-mode, and wherein the second encoding mode is different from the first encoding mode; and
generating block-type syntax information for the video block that indicates the size of the video block and
identifies the partitions of the video block and the encoding modes used to encode the partitions.

8. The method of claim 7, further comprising selecting the encoding modes used to encode the partitions based on
an encoding cost analysis, and
selecting the partitioning of the video block based on the encoding cost analysis, wherein the encoding cost analysis
includes an analysis of bit rate and distortion for encoding modes and the partitions.

9. An apparatus (30, 60) comprising:

means for receiving a square video block having a size of NxN pixels of more than 16x16 pixels, where N is an
integer multiple of 16, wherein the video block is partitioned into partitions using hierarchical partitioning with
one or more levels, wherein, at each hierarchical partitioning level, square partitions can be further partitioned
into two equally sized rectangular partitions or into four square partitions, some of the partitions being differently
sized, one of the partitions is encoded with a first encoding mode, wherein the first encoding mode comprises
intra-prediction encoding mode, I-mode, and wherein the partition is encoded using the first encoding mode
comprising predicting the partition from one or more neighboring pixels according to the I-mode, and another
of the partitions is encoded with a second encoding mode, wherein the second encoding mode comprises one
of P-mode and B-mode, and wherein the second encoding mode is different from the first encoding mode;
means for receiving block-type syntax information for the video block that indicates the size of the video block
and identifies the partitions of the video block and the encoding modes used to encode the partitions; and
means for decoding the video block based on the block-type syntax information.

10. The apparatus of claim 9, wherein the means are embodied in a video decoder.

11. A method comprising:

receiving, with a video decoder, a square video block having a size of NxN pixels of more than 16x16 pixels,
where N is an integer multiple of 16, wherein the video block is partitioned into partitions using hierarchical
partitioning with one or more levels, wherein, at each hierarchical partitioning level, square partitions can be
further partitioned into two equally sized rectangular partitions or into four square partitions, some of the partitions
being differently sized, one of the partitions is encoded with a first encoding mode, wherein the first encoding
mode comprises intra-prediction encoding mode, I-mode, and wherein the partition is encoded using the first
encoding mode comprising predicting the partition from one or more neighboring pixels according to the I-mode,
and another of the partitions is encoded with a second encoding mode, wherein the second encoding mode
comprises one of P-mode and B-mode, and wherein the second encoding mode is different from the first
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encoding mode;
receiving block-type syntax information for the video block that indicates the size of the video block and identifies
the partitions of the video block and the encoding modes used to encode the partitions; and
decoding the video block based on the block-type syntax information.

12. The apparatus of claim 1 or 9, or the method of claim 7 or 11, wherein the differently sized partitions include sizes
that are larger than 16x16, or wherein the differently sized partitions include sizes that are larger than 16x16 and
smaller than 16x16.

13. A computer-readable storage medium encoded with instructions to cause a video decoder to perform the method
of any of claims 7, 8, 11, or 12.

Patentansprüche

1. Gerät (20, 50), umfassend:

eine Einrichtung zum Empfangen eines quadratischen Videoblocks mit einer Größe von NxN Pixeln von mehr
als 16x16 Pixeln, wobei N ein ganzzahliges Vielfaches von 16 ist;
eine Einrichtung zum Partitionieren des Videoblocks in Partitionen unter Verwendung einer hierarchischen
Partitionierung mit einer oder mehreren Ebenen, wobei auf jeder hierarchischen Partitionierebene quadratische
Partitionen weiter in zwei gleich große rechteckige Partitionen oder in vier quadratische Partitionen partitioniert
werden können, wobei einige der Partitionen unterschiedlich groß sind;
eine Einrichtung zum Codieren einer der Partitionen unter Verwendung eines ersten Codiermodus’, wobei der
erste Codiermodus einen Intra-Prädiktions-Codiermodus, I-Modus, umfasst und das Codieren der Partition
unter Verwendung des ersten Codiermodus’ das Vorhersagen der Partition von einem oder mehreren benach-
barten Pixeln gemäß dem I-Modus umfasst;
eine Einrichtung zum Codieren einer anderen der Partitionen unter Verwendung eines zweiten Codiermodus’,
wobei der zweite Codiermodus einen von P-Modus und B-Modus umfasst und der zweite Codiermodus sich
von dem ersten Codiermodus unterscheidet; und
eine Einrichtung zum Erzeugen von blockartigen Syntaxinformationen für den Videoblock, die die Größe des
Videoblocks angeben und die Partitionen des Videoblocks und die zur Codierung der Partitionen verwendeten
Codiermodi identifizieren.

2. Gerät nach Anspruch 1, weiterhin umfassend eine Einrichtung zum Erzeugen eines kodierten Videobitstroms mit
kodierten Daten für den Videoblock und die blockartigen Syntaxinformationen.

3. Gerät nach Anspruch 1, weiterhin umfassend eine Einrichtung zum Auswählen der zur Codierung der Partitionen
verwendeten Codiermodi auf der Grundlage einer Codierkostenanalyse.

4. Gerät nach Anspruch 3, weiterhin umfassend eine Einrichtung zum Auswählen der Partitionierung des Videoblocks
auf der Grundlage der Codierkostenanalyse, wobei die Codierkostenanalyse eine Analyse der Bitrate und der
Verzerrung für die Intra- und Intercodierung der Partitionen umfasst.

5. Gerät nach Anspruch 1, bei dem der Videoblock eine Größe von wenigstens 64x64 Pixeln hat.

6. Gerät nach Anspruch 1, bei dem die Einrichtung in einem Videocodierer ausgeführt ist.

7. Verfahren, umfassend:

Empfangen eines quadratischen Videoblocks mit einem Videokodierer, der eine Größe von NxN Pixeln von
mehr als 16x16 Pixeln hat, wobei N ein ganzzahliges Vielfaches von 16 ist;
Partitionieren des Videoblocks in Partitionen unter Verwendung einer hierarchischen Partitionierung mit einer
oder mehreren Ebenen, wobei auf jeder hierarchischen Partitionierebene quadratische Partitionen weiter in
zwei gleich große rechteckige Partitionen oder in vier quadratische Partitionen partitioniert werden können,
wobei einige der Partitionen unterschiedlich groß sind;
Codieren einer der Partitionen unter Verwendung eines ersten Codiermodus’, wobei der erste Codiermodus
einen Intra-Prädiktions-Codiermodus, I-Modus, umfasst und das Codieren der Partition unter Verwendung des
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ersten Codiermodus’ das Vorhersagen der Partition von einem oder mehreren benachbarten Pixeln gemäß
dem I-Modus umfasst;
Codieren einer anderen der Partitionen unter Verwendung eines zweiten Codiermodus’, wobei der zweite Co-
diermodus einen von P-Modus und B-Modus umfasst und der zweite Codiermodus sich von dem ersten Co-
diermodus unterscheidet; und
Erzeugen von blockartigen Syntaxinformationen für den Videoblock, die die Größe des Videoblocks angeben
und die Partitionen des Videoblocks und die zur Codierung der Partitionen verwendeten Codiermodi identifi-
zieren.

8. Verfahren nach Anspruch 7, weiterhin umfassend das Auswählen der zur Codierung der Partitionen verwendeten
Codiermodi auf der Grundlage einer Codierkostenanalyse und
Auswählen der Partitionierung des Videoblocks auf der Grundlage der Codierkostenanalyse, wobei die Codierkos-
tenanalyse eine Analyse der Bitrate und Verzerrung für die Codiermodi und die Partitionen umfasst.

9. Gerät (30, 60), umfassend:

eine Einrichtung zum Empfangen eines quadratischen Videoblocks mit einer Größe von NxN Pixeln von mehr
als 16x16 Pixeln, wobei N ein ganzzahliges Vielfaches von 16 ist, der Videoblock unter Verwendung einer
hierarchischen Partitionierung mit einer oder mehreren Ebenen in Partitionen partitioniert wird, auf jeder hier-
archischen Partitionierebene quadratische Partitionen weiter in zwei gleich große rechteckige Partitionen oder
in vier quadratische Partitionen partitioniert werden können, wobei einige der Partitionen unterschiedlich groß
sind, eine der Partitionen mit einem ersten Codiermodus codiert wird, wobei der erste Codiermodus einen Intra-
Prädiktions-Codiermodus, I-Modus, umfasst, und die Partition unter Verwendung des ersten Codiermodus’, der
die Vorhersage der Partition von einem oder mehreren benachbarten Pixeln gemäß dem I-Modus umfasst,
codiert wird und eine andere der Partitionen mit einem zweiten Codiermodus codiert wird, wobei der zweite
Codiermodus entweder einen P-Modus oder einen B-Modus umfasst und der zweite Codiermodus sich vom
ersten Codiermodus unterscheidet;
eine Einrichtung zum Empfangen von blockartigen Syntaxinformationen für den Videoblock, die die Größe des
Videoblocks anzeigen und die Partitionen des Videoblocks und die zur Codierung der Partitionen verwendeten
Codiermodi identifizieren; und
eine Einrichtung zum Dekodieren des Videoblocks auf der Grundlage der blockartigen Syntaxinformationen.

10. Gerät nach Anspruch 9, bei dem die Einrichtung in einem Videodecoder ausgeführt ist.

11. Verfahren, umfassend:

Empfangen, mit einem Videodecoder, eines quadratischen Videoblocks mit einer Größe von NxN Pixeln von
mehr als 16x16 Pixeln, wobei N ein ganzzahliges Vielfaches von 16 ist, wobei der Videoblock unter Verwendung
einer hierarchischen Partitionierung mit einer oder mehreren Ebenen in Partitionen partitioniert wird, auf jeder
hierarchischen Partitionierebene quadratische Partitionen weiter in zwei gleich große rechteckige Partitionen
oder in vier quadratische Partitionen partitioniert werden können, wobei einige der Partitionen unterschiedlich
groß sind, eine der Partitionen mit einem ersten Codiermodus codiert wird, wobei der erste Codiermodus einen
Intra-Prädiktions-Codiermodus, I-Modus, umfasst und die Partition unter Verwendung des ersten Codiermodus’,
der die Vorhersage der Partition von einem oder mehreren benachbarten Pixeln gemäß dem I-Modus umfasst,
codiert wird und eine andere der Partitionen mit einem zweiten Codiermodus codiert wird, wobei der zweite
Codiermodus entweder einen P-Modus oder einen B-Modus umfasst, und der zweite Codiermodus sich von
dem ersten Codiermodus unterscheidet;
Empfangen von blockartigen Syntaxinformation für den Videoblock, die die Größe des Videoblocks anzeigen
und die Partitionen des Videoblocks und die zur Codierung der Partitionen verwendeten Codiermodi identifi-
zieren; und
Dekodieren des Videoblocks auf der Grundlage der blockartigen Syntaxinformationen.

12. Gerät nach Anspruch 1 oder 9 oder Verfahren nach Anspruch 7 oder 11, bei denen die unterschiedlich großen
Partitionen Größen enthalten, die größer als 16x16 sind, oder die unterschiedlich großen Partitionen Größen ent-
halten, die größer als 16x16 und kleiner als 16x16 sind.

13. Computerlesbares Speichermedium, das mit Anweisungen kodiert ist, um einen Videodecoder zu veranlassen, das
Verfahren nach einem der Ansprüche 7, 8, 11 oder 12 auszuführen.
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Revendications

1. Dispositif (20, 50) comprenant :

un moyen de recevoir un bloc vidéo carré présentant une taille de NxN pixels de plus de 16x16 pixels, où N
est un entier multiple de 16 ;
un moyen de partitionner le bloc vidéo en partitions en utilisant un partitionnement hiérarchique d’un ou plusieurs
niveaux, dans lequel, à chaque niveau de partitionnement hiérarchique, des partitions carrées peuvent être
partitionnées plus avant en deux partitions rectangulaires de taille égale ou en quatre partitions carrées, dans
lequel certaines des partitions sont dimensionnées différemment ;
un moyen d’encoder une des partitions en utilisant un premier mode d’encodage, dans lequel le premier mode
d’encodage comprend un mode d’encodage intra-prédiction, I-mode, et dans lequel un encodage de la partition
utilisant le premier mode d’encodage comprend une prédiction de la partition à partir d’un ou plusieurs pixels
voisins selon l’I-mode ;
un moyen d’encoder une autre des partitions en utilisant un deuxième mode d’encodage, dans lequel le deuxième
mode d’encodage comprend un d’un P-mode et B-mode, et dans lequel le deuxième mode d’encodage est
différent du premier mode d’encodage ; et
un moyen de générer des informations de syntaxe de type bloc pour le bloc vidéo qui indiquent la taille du bloc
vidéo et identifient des partitions du bloc vidéo et les modes d’encodage utilisés pour encoder les partitions.

2. Le dispositif de la revendication 1, comprenant en outre un moyen de générer un flux de bits vidéo encodé comprenant
des données codées pour le bloc vidéo et les informations de syntaxe de type bloc.

3. Le dispositif de la revendication 1, comprenant en outre un moyen de sélectionner les modes d’encodage utilisés
pour encoder les partitions selon une analyse de coût d’encodage.

4. Le dispositif de la revendication 3, comprenant en outre un moyen de sélectionner le partitionnement du bloc vidéo
selon l’analyse de coût d’encodage, dans lequel l’analyse de coût d’encodage inclut une analyse du débit binaire
et une distorsion d’un intra- et inter-encodage des partitions.

5. Le dispositif de la revendication 1, dans lequel le bloc vidéo présente une taille d’au moins 64x64 pixels.

6. Le dispositif de la revendication 1, dans lequel les moyens sont intégrés à un encodeur vidéo.

7. Procédé comprenant :

réception, avec un encodeur vidéo, d’un bloc vidéo carré présentant une taille de NxN pixels de plus de 16x16
pixels, où
N est un entier multiple de 16 ;
partitionnement du bloc vidéo en partitions en utilisant un partitionnement hiérarchique d’un ou plusieurs niveaux,
dans lequel, à chaque niveau de partitionnement hiérarchique, des partitions carrées peuvent être partitionnées
plus avant en deux partitions rectangulaires de taille égale ou en quatre partitions carrées,
dans lequel certaines des partitions sont dimensionnées différemment ;
encodage d’une des partitions en utilisant un premier mode d’encodage, dans lequel le premier mode d’encodage
comprend un mode d’encodage intra-prédiction, I-mode, et dans lequel un encodage de la partition utilisant le
premier mode d’encodage comprend une prédiction de la partition à partir d’un ou plusieurs pixels voisins selon
l’I-mode ;
encodage d’une autre des partitions en utilisant un deuxième mode d’encodage, dans lequel le deuxième mode
d’encodage comprend un d’un P-mode et B-mode, et dans lequel le deuxième mode d’encodage est différent
du premier mode d’encodage ; et
génération d’informations de syntaxe de type bloc pour le bloc vidéo qui indiquent la taille du bloc vidéo et
identifie les partitions du bloc vidéo et les modes d’encodage utilisés pour encoder les partitions.

8. Le procédé de la revendication 7, comprenant en outre une sélection des modes d’encodage utilisés pour encoder
les partitions selon une analyse de coût d’encodage, et sélection du partitionnement du bloc vidéo selon l’analyse
de coût d’encodage, dans lequel l’analyse de coût d’encodage, dans lequel l’analyse de coût d’encodage inclut une
analyse du débit binaire et une distorsion de modes d’encodage et des partitions.
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9. Dispositif (30, 60) comprenant :

un moyen de recevoir un bloc vidéo carré présentant une taille de NxN pixels de plus de 16x16 pixels, où N
est un entier multiple de 16, dans lequel le bloc vidéo est partitionné en partition en utilisant un partitionnement
hiérarchique à un ou plusieurs niveaux, dans lequel, à chaque niveau de partitionnement hiérarchique, des
partitions carrées peuvent être partitionnées plus avant en deux partitions rectangulaires de taille égale ou en
quatre partitions carrées, certaines des partitions étant dimensionnées différemment, une des partitions est
encodée avec un premier mode d’encodage, dans lequel le premier mode d’encodage comprend un mode
d’encodage d’intra-prédiction, I-mode, et dans lequel la partition est codée en utilisant le premier mode d’en-
codage comprenant une prédiction de la partition à partir d’un ou plusieurs pixels voisins selon l’I-mode, et une
autre des partitions est encodée avec un deuxième mode d’encodage, dans lequel un deuxième mode d’en-
codage comprend un d’un P-mode et B-mode, et dans lequel le deuxième mode d’encodage est différent du
premier mode d’encodage ;
un moyen de recevoir des informations de syntaxe de type bloc pour le bloc vidéo qui indiquent la taille du bloc
vidéo et identifie les partitions de bloc vidéo et les modes d’encodage utilisés pour encoder les partitions ; et
un moyen de décodage du bloc vidéo selon les informations de syntaxe de type bloc.

10. Le dispositif de la revendication 9, dans lequel les moyens sont intégrés à un décodeur vidéo.

11. Procédé comprenant :

réception, avec un décodeur vidéo, d’un bloc vidéo carré présentant une taille de NxN pixels de plus de 16x16
pixels, où
N est un entier multiple de 16, dans lequel le bloc vidéo est partitionné en partition en utilisant un partitionnement
hiérarchique à un ou plusieurs niveaux, dans lequel, à chaque niveau de partitionnement hiérarchique, des
partitions carrées peuvent être partitionnées plus avant en deux partitions rectangulaires de taille égale ou en
quatre partitions carrées, certaines des partitions étant dimensionnées différemment, une des partitions est
encodée avec un premier mode d’encodage, dans lequel le premier mode d’encodage comprend un mode
d’encodage d’intra-prédiction, I-mode, et dans lequel la partition est codée en utilisant le premier mode d’en-
codage comprenant une prédiction de la partition à partir d’un ou plusieurs pixels voisins selon l’I-mode, et une
autre des partitions est encodée avec un deuxième mode d’encodage, dans lequel un deuxième mode d’en-
codage comprend un d’un P-mode et B-mode, et dans lequel le deuxième mode d’encodage est différent du
premier mode d’encodage ;
réception d’informations de syntaxe de type bloc pour le bloc vidéo qui indiquent la taille du bloc vidéo et
identifient les partitions du bloc vidéo et les modes d’encodage utilisés pour encoder les partitions ; et
décodage du bloc vidéo selon les informations de syntaxe de type bloc.

12. Le dispositif de la revendication 1 ou 9, ou le procédé de la revendication 7 ou 11, dans lequel les partitions
différemment dimensionnées incluent des tailles qui sont supérieures à 16x16, ou dans lequel les partitions diffé-
remment dimensionnées incluent des tailles supérieures à 16x16 et inférieures à 16x16.

13. Support de stockage lisible par un ordinateur encodé avec des instructions faisant exécuter à un décodeur vidéo
le procédé de l’une quelconque des revendications 7, 8, 11 ou 12.
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